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PEErACE 

The educational theory of a people is determined by the 
dominant social characteristics of the period. The dominant 
characteristic of the present time in America is that of com- 
mercial and industrial growth. Accordingly, we are experi- 
encing a revolution in educational theory quite in keeping 
with this commercial and industrial development. The greatest 
movement in education to-day is that for vocalioual training/. 
In fact, education always has been conceived as a prepara- 
tion for vocation ; but our ideas of a vocation and our 
theory aa to how to best prepare for it both are undergoing 
decided change. President Roosevelt voiced the present 
tendencies in education in an address to the teachers attending 
a recent meeting of the Superintendent's section of the N. E, A., 
when he said : " I trust that more and more our people will 
see to it that the schools train toward and not away from the 
farm and workshop." 

The courses of study of our high schools have been arranged, 
formerly, largely with a view to preparing for admission to 
college ; and the college student in turn generally was preparing 
for some one of the learned professions. That so small a per 
cent of high school graduates go to college has beenasuCBcient 
reason for a radical change in the courses of study of the high 
schools. The course of study of the progressive high school is 
not now planned merely to prepare for college entrance, but 
rather to fit the student for the world's work— (o prepare the 
great nuisa of students for a commercial or industrial vocation. 
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Commercial and industrial courses are being emphasized. The 
recent development of separate trade schools, of Y. M. C. A. 
^industrial courses, etc., has been for the purpose of meeting, 
the increasing demand for a practical training for efficiency in 
industrial vocations. 

One of the most essential subjects in a vocational education 
is a course in commercial and industrial arithmetic. The 
movement toward a place for this subject in the modern high 
school course is encouraged by a large number of educators 
and very generally by the demands of practical men of affairs 
in the commercial and industrial world. One state and many 
cities have made arithmetic compulsory in the high schools. 

Such a course in arithmetic should be practical and infor- 
mational. It should be free from puzzles and obsolete processes. 
It should set forth the actual business practices of the time. It 
should contain nothing but the processes actually used in com- 
mercial and industrial work to-day. And the problems should 
aU be real ; that is, they shoidd be just such as are actuaUy met 
in practical life in commercial work and in the various trades. 

With the present so-called advanced text-books on arith- 
metic, a course of any great practical value in the secondary 
school is impossible, except with teachers of broad experience 
who are familiar with the actual conditions and problems of a 
mathematical nature encountered in the various trades and in 
business, and who have been able to extract from these 
arithmetics the little that is of real practical worth and to sup- 
plement it with the real problems that arise in the work of 
the world about. 

To meet the demand of the times for a rational, practical, 
secondary arithmetic which sets forth the actual business 
practices of the day, and just these, and which contains a large 
collection of the actual problems encountered in the various 
building trades, shop work, agriculture, etc., the authors have 
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prepared this book. The book is especially designed to he voca- 
tional in its aim. The part devoted to the commercial appli- 
cations has been carefully inspected and approved by practical 
business men. For the material of an industrial nature the 
authors have gone to men at work in machine shops, in the 
various building trades, etc. All of the problems are direct, 
real, and practical. 

The book is divided into four parts. 

Part I gives a thorough and systematic review of the fun- 
damental processes with whole numbers, common fractions, 
and decimals. It unifies the teaching of the processes. The 
fundamental principles underlying the processes are discussed, 
and abundant drill exercises are furnished through which the 
student may become efficient in arithmetical computation. 

Part II discusses the applications oj^ arithmetic to business^ 
under four heads, viz. : Accounts ; Buying and Selling ; Bor- 
rowing, Loaning, and Investing Money; and Cancelling In- 
debtedness. This part is suflSciently complete for the needs of 
any kind of school giving a course in commercial arithmetic. 
It sets forth the details of present commercial practices in such 
a way that the boy who studies it should not have to unlearn 
his arithmetic when he takes up commercial work. 

Part III discusses certain advanced processes, including ap- 
proximations and abridged processes, powers and roots, log- 
arithms, principles in mensuration and proportion, with their 
applications to practical problems of an industrial character 
and to problems in the sciences. With the drill in the processes 
here given, the student is prepared to make any numerical 
computation that he will have occasion to make in any of the 
trades or in a scientific pursuit. 

Part IV consists of a supplem^entary list of vocational problems. 
These are problems in agriculture, the building trades, shop 
work, etc. While these problems are not classified, those of 
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the various types are arranged consecutively, so that it will be 
easy for teachers to select those problems best suited for each 
particular class of students. 

While we cannot mention all who have so kindly contributed 
to the preparation of this book, we feel that public recognition 
is due to W. B. Russell, Asst. Supt. Apprentices, New York 
Central Lines, and to Arthur D. Dean, Supervisor of Evening 
Schools, Massachusetts and Rhode Island Y. M. C. A., for 
valuable assistance rendered in gathering real industrial 
problems; to Supt. E. C. Warriner, Saginaw, Mich., for the use 
of material gathered during his recent visit to the vocational 
schools of Germany ; and to H. N. Chute, co-author of the 
Carhart and Chute Physics, for reading the proof and offering 
many helpful suggestions. 

J, O. o. 

July 15, 1908. J. F. M. 



SUGGESTIONS TO TEACHEES 

1. Purpose of arithmetic. The purpose of an advanced 
course in arithmetic is to fix in the mind of the student the 
fundamental principles upon which our methods of compu- 
tation depend, and to show the applications of the subject in 
the various vocations. The problems should be real^ i.e., 
such as are actually met in the different vocations in life. 
While a teacher should seek problems from different sources 
that fit the needs of his class, he should not waste the time 
of the student with the solutions of puzzles. 

2. Degree of accuracy. Carrying the computation of a 
quantity further than the actual demands of the industrial 
or commercial world require should be discouraged. Thus, 
the cost of goods to $.001, the volume of a cellar to .1 cu. ft., 
the lumber required for a house to .1 ft., etc., should not be 
allowed. Likewise, carrying out a result further than the 
accuracy of the data warrant is wrong. (See § 114.) 

3. Estimating results. In all solutions of problems, either 
an estimate of the result should be made before the actual 
computation is begun, or the question " Does the result seem 
reasonable?" should be asked when the computation has 
been finished. This will usually check all such errors as the 
wrong position of the decimal point. (See § 48.) 

4. Checks. In actual life one must know that results are 
rights or his arithmetic is of no value to him. Accuracy in 

ix 
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computation cannot he overemphasized. While the method of 
solving a problem cannot be checked, but depends upon the 
judgment of the student, all computation can and should be 
checked. Students should form the habit of checking their 
work at every step. 

5. Methods of checking. Addition can be checked by per- 
forming the work again in a different order, as adding up, 
then down ; subtraction^ by adding the difference to the sub- 
trahend; multiplication^ by interchanging multiplier and 
multiplicand, or by multiplying in turn by the factors of the 
multiplier ; division^ by taking the product of the divisor and 
quotient, and adding the remainder ; square root^ by squar- 
ing the result. 

In all abridged processes the work is best checked by care- 
fully performing it a second time. 

Insist upon all operations of all the problems of the course 
being performed twice. 
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Part I 

THE PROCESSES OF ARITHMETIC 



CHAPTER I. 
NOTATIONS. 



1. The origin of number. The idea of number must have 
existed long before a symbolism by which to express it. In 
fact, the number idea must have been coeval with the human 
race. With the ability to distinguish differentness, that this 
is not thaty must have originated the concept of number. 
Number answers the questions hoio many^ found by counting 
distinct objects, or how much^ found by measurjpg one quantity 
by another taken as a unit. 

2. Symbols for expressing number. As the human race de- 
veloped and greater use was made of number, a desire natu- 
rally arose for a means of expressing it. The characters used 
must have been as varied as the tribes or nations themselves. 
The first methods of any nation, however, must have been 
some one-to-oiw correspondence. That is, a sign of some sort, 
as a stroke in the sand, a pebble, a finger, or some other sign, 
must have been used to correspond with each individual thing 
of the group to be represented. 

The student is familiar with the Roman and the Hindu 
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symbols. The Babylonians used a single wedge-shaped symbol 
By giving it ditferent positions it stood for 1, 10, and 100, 
respectively. The Egyptians used hieroglyphics and hieratics 
to represent 1, 10, and various powers of 10 ; the Greeks 
used the letters of their alphabet. 

3. The principles by which other numbers were formed. 
The Romans used the additive^ subtracHve, and multiplicatwe 
principles. Thus,II=I + I = 2; VI = V + I = 6; IV=V-I=4; 
IX=X-I = 9; X=1000XX= 10,000 ; U= 1000x0 = 100,000. 

The Babylonians used the additive and midtiplicatwe prin- 
ciples, while the Egyptians used but the additive. 

In general, it may be said that the general plan of all the 
older systems of notation was much like that of the Roman 
system. 

4. The defects of these systems. It is easily seen that these 
systems of notation served merely the first need of a notation, 
namely, a means of expressing a number idea. For purposes 
of computation they were clearly defective. This is seen by 
trying to find the product of any two numbers expressed by 
the Roman system. Nations using these systems performed 
all computations on some kind of abacus^ of which the swanpan 
used by the Chinese today is an example. 

5. The Hindu system of notation. We use the Hindu sys- 
tem of notation. We do not know when its development 
began nor how long it was in growing to its present perfection. 
Perhaps the nine numerals without the zero, not exactly in 
their present form, were used as early as the second century, 
A. D. The introduction of zero, without which the place vahie 
feature would have been impossible, likely came much later, 
perhaps during the fifth, sixth, seventh, or even eighth century 
A. D. This notation was known in Europe as early as the 
eleventh or twelfth century, but little use was made of it 
before the fifteenth century. 
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The place-value feature makes this system unique. By this 

system, each character may represent two values, an intrinsic 

value depending upon its shape, and a place value depending 

upon its position. It is a decimal^ place-value system ofnotOr- 

tion. 

Thus, the 4's of $444 represent different valueS; each one just 10 times 
the one to the right of it. 

6. The advantages of the Hindu notation. The place value 
feature allows a number to be broken into parts and dealt 
with, a part at a time. However large the numbers with 
which we are dealing, the real work in addition is the repeti- 
tion of adding a number less than 10 to one less than 100. In 
multiplication, besides uniting the partial products, the real 
work is a repetition of finding products less than 10 X 10. 
Thus, to find 389 X 496 we never need to consider products 
larger than 9x9. Herein lies the great advantage of the 
Hindu system. 

7. The notation of a common fraction. The primary inte- 
gral unit is 1. By the place-value feature of our notation for 
integers, the relation of any number to 1 is shown by the posi- 
tion of the figures that denote the number. This is not 'so in 
common fractions. In the fraction |, 3 is the number of which 
we are thinking, but 4 shows the relation of this number to 1. 
The 4, then, may be considered the scale of the fraction, for it 
shows by what the number must be multiplied to give three I's. 

Then the number above the line ( the numerator) denotes the 
number of things (units), and the number below the line (the 
denominator) denotes the size of these things by showing their 
relation to the primary integral unit. That is, the denominator 
shows the number of parts into which the primary integral unit 
has been divided. 

8. A fractional unit. A fraction that denotes a single thing, 
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or one of the single parts into which the primary integral 
unit has been divided, is 21, fractional uniU 

Thus, \t \, |, \, ^, etc., are fractianal units. Tell the scale of each, 
that is, the number of each that it will take to make 1. 

9. The notations of fractions and integers compared. In 
integers, the value of a number denoted by a given figure depends 
upon the place it occupies. In fractions, the value depends upon 
the denominator. 

Thus, the 5 of 50, 500, 5000, f , -f^^ and ^, represents different values in 
each. 

10. Notation of a decimal fraction. When the denominator 
of a fraction is 10, or some power of 10, the fraction may be 
written in another form, the unit being expressed by the 
position of the numerator. 

Thus, in 8.5 we know that the unit of which 5 Is the number is Just 
^ of the unit of which Sis the number. Then, since 8 denotes l*s, 5 must 
denote lOths. In 4.65, since 4 denotes I's, 6 denotes lOths and 5 denotes 
lOOths, or 66 denotes lOOths. 

The decimal point is used to locate ones' place. That is, the 
figure to the left of the decimal point denotes the number 
of I's. 

Note. It is easily seen that with any scale those fractions whose denom- 
inators are powers of the scale may be expressed in the form of our 
decimal fractions. Thus, in scale 5, 4 + f + ^^ = 4.32. 

11. Origin of a decimal base. It may have been noticed 
that in the Babylonian, Egyptian, and other systems of nota- 
tion discussed, each system seems to have been based upon 10. 
That is, the characters suggest that the counting was done 
by grouping lO's or powers of 10. The Roman system may 
more truly be said to be based upon 5 and 10. This grouping 
of lO's or powers of 10 evidently did not depend upon any 
essential principle of the notations themselves but doubtless 
upon the habits of man in counting the fingers and representing 
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nambers by the fingers. Had the number of fingers been dif- 
ferent, the base or scale of the number systems of the world 
would most surely have been different. 

12. The requirements of a convenient base. A base of any 
convenient size may be used in a system making use of place 
value. The nnmber of characters required is one less than the 
base, together with a character to denote the absence of 
value. 

Thus, with a base of 5, eight is expressed by 13, t. «., 1 X 5 + 3; ten by 20, 
»'.€., 2 X 5 + 0; sixteen by 31 ; thirty -six by 121 ; etc. ; and to express any 
number with the base 5, only the characters 1, 2, 3, 4, and are needed. 

With a base of 10 all operations can be performed upon 
numbers of any size by knowing the 36 combinations in mul- 
tiplication from 2x2 ^o 9 X ^9 si^d the 45 coinbinations in 
addition from 1 + 1 to 9 + 9. (§6.) 

With a base of 5, there are but 6 combinations needed in 
multiplication, and 10 in addition. With 12 as a base, 55 com- 
binations are needed in multiplication and 66 in addition. 
Thus it is seen that the larger the base the more facts there are 
to remember, while the smaller the base the more figures there 
are needed to express a number, especially a large number. 

13. The bases 10 and 12 compared. Either 10 or 12 is a 
base of convenient size, A larger base would require too much 
memory work. A very much smaller base would require too 
many figures to express a large number. 

Thus, with a scale of 15, there are 120 combinations in addition and 105 
in multiplication. With a scale of 5, 9684 is expressed by 302214. 

As to the bases 12 and 10, 12 has factors 2, 8, 4, and 6; 10 
has but 2 and 5. Hence, many of the common fractions which 
occur most frequently in business may be expressed more 
simply in terms of 12ths, 144ths, etc., than in terms of lOths, 
lOOths, etc. 
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.MPLK 2. Change 42658 to base 10. 

s equals 4X(8x8x8)+2X(8X8)+6x8+5 or 2229io. It may be 
quickly as follows : 

42658 
8 Explanation. Beginning with the highest order 

34 and multiplying by 8, (expressing the result in 

8 base 10) and adding 2, we have 34. Multiplying 

278 34 by 8 and adding 6, we have 278, etc. 

8 

2229 

AMPLB 3. Change 43245 to scale 8. 

1 3)43246 Explanation. This is the method of 

1 3)2436- 5 Example 1. We divide by 8, which in 

13 )14b— 1 the scale of 5 is 13, keeping the re- 

1 —1 mainders. 436-^138 = 2 and 128 re- 

ling; 122a-^136=4(foritis37-i-8) and lOe remaining; 1046-5-136=3 
106, or 5, remaining. Show how the remaining divisions are 
ormed. 

ence 43246=11158. 

. OTE. If this seems too difficult, it may be omitted without interfering 
h subsequent work. The " second method " is more simple. 

Second Method. Explanation. Here we use the method of 

43245 Example 2, but express the products in 8's 

^ instead of in lO's. Thus, 5 X 4 + 3 = 23, but 

27 thisis2x8 + 7or278. Again5X 7 + 2=37, 

5 but this is 4x8-4-5 or 45k. 5x2 + 4 (of 

165 the 45) = 14 or 1 X 8 + 6,, that is 168. Show 

5 the rest of the work. 
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EXERCISES. 



1. What does 3425, scale 8, mean? What would it mean in 
^ale 12 ? - 

2. What two characters are needed in a scale of 2? Express 
45 in a scale of 2. 

3. What characters are needed in a scale of 5 ? In a scale 
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of 8? In a scale of 12? Express 3426 in a scale of 6. 
scale of 8. In a scale of 12. 
Note. In a scale of 12, let t stand for ten, and e eleven. 

4. Change 8224^ to a scale of 8 in two ways. 
6. Change 3122^ to a scale of 12 in two ways 

6. Change 1101110, to a scale of 5 in two ways. 

7. Change 93468,, to a scale of 5 in two ways. 

8. Use each method to change 32432^ to our scale. 

9. Use each method to change 34626^ to our scale. 

t 

10. Use each method to change 594^2^, to our scale. 
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CHAPTER II. 



ADDITION. 



16. Fundamental principle. The fundamental principle of 
addition is that only like things^ or things considered like^ may 
he added. 

16. The use made of our notation. By the jo/ace-va^we feature 
of our notation, we know which figures of several numbers 
represent like things, as ones, tens, etc. It is more convenient 
in addition if figures representing like numbers are written 
in vertical columns. 

17. Accuracy and rapidity. Since accuracy and rapidity 
depend upon the instant and accurate recognition of the 45 
primary number facts in addition, the following tables should 
be used for frequent drill. 

DRILL TABLES. 





1 


a 


3 


4 


6 


A 
B 


2 5 8 
8 6 3 


6 2 7 
9 17 


9 5 1 
4 5 3 


2 9 5 
8 5 4 


6 12 
3 1 8 


C 
D 


7 16 
4 9 7 


8 6 1 
8 6 7 


2 8 7 
6 4 8 


7 18 

8 4 8 


4 5 3 
2 15 


E 
F 


9 6 4 

2 8 6 


8 7 2 
15 2 


9 6 6 
3 8 1 


7 8 3 
2 9 4 


4 7 2 
4 9 5 



Note. Adding the columns of each of the rectangles gives the 45 
primary combinations. The rows of each rectangle will give drill work in 
adding three numbers, while drill in adding 4 or 6 numbers may be had 
from the colunms of the whole diagram. 

9 



10 SECONDARY ARITHMETIC 

WRITTEN DRILLS. 

Add downward and check hy adding upward : 



1 


a 


8 


4 


5 


6 


f 


2056 


8634 


5914 


2945 


6114 


9689 


4268 


8879 


1938 


6432 


6847 


7836 


4592 


8984 


1483 


2463 


5696 


9638 


3971 


8463 


5963 


2961 


9574 


8341 


7436 


8421 


9857 


8878 


8484 


8367 


1968 


8968 


1635 


7389 


6984 


9688 


2931 


4376 


4786 


1418 


6478 


5468 


8746 


4251 


6184 


8942 


8796 


1439 


8777 


8245 


8638 


1437 


1873 


8482 


2486 


6321 


9683 


9784 


9846 


8648 


4868 


8245 


8479 


7847 


2693 


8419 


9475 


9783 


1731 


9638 


5284 


1785 


1786 


1291 


4785 


9338 


7347 



18. Recording partial additions. Accountants, especially 
if they are liable to interruptions, usually record the sum of 
each column as it is added. In this way an error is more 
easily found. The plan is as follows : 



Note. If each column has been added 
downward, it is checked by adding upward. 

When using this method, we may begin 
adding with any column. 



8468 




2974 




9362 


61 


4736 


58 


9265 


42 


7989 


49 


6287 


53781 


5239 




4461 




53781 





A second metJwd. A little time may be saved by adding the number to 
be carried befor.^. reconling the sum of each column. 

Here 26 is the sum of the first column ; 27 is the 
sum of the second column with 2 (the tens from 26) 
added ; 82 is the sum of the third with 2 (from 27) 
added, etc. The sum is 27276. 

This method saves adding the several sums, but 
the columns must be added in order from right to 
27276 left. 



8462 


2fc 


4578 


27 


9634 


33 


2759 


87 


6843 
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DBILL EXERCISES. 

It is frequently desirable to add numbers written in horizon- 
tal lines as well as numbers written in columns. 

1-7. Without rewriting^ find the sum of each column below, 
8-3S, Without^'ewriting^ find the sum, of each row. 





1. 


2. 


8. 


4. 


5. 


6. 


7. 


a 


2 


13 


63 


197 


1345 


46.768 


104,876 a 


h 


9 


28 


80 


928 


2769 


14.693 


340.276 b 


c 


7 


49 


91 


873 


3876 


24,768 


950,073 e 


d 


5 


15 


64 


417 


4245 


71,293 


268,479 d 


e 


10 


80 


81 


652 


8347 


60.037 


728,735 e 


f 


3 


64 


93 


765 


9038 


73,407 


629,876 / 


9 


8 


20 


68 


739 


6705 


19.386 


724,894 g 


h 


11 


32 


84 


984 


9477 


47,682 


548,075 h 


• 


4 


56 


95 


859 


6841 


86,573 


829,386 i 


• 


12 


21 


70 


487 


7238 


94,775 


445.876 j 


h 


6 


36 


87 


529 


5467 


89,238 


377,872 k 


I 


15 


57 


96 


843 


3094 


64,839 


763,804 I 


m 


5 


24 


72 


468 


6293 


29,466 


689,903 m 


n 


9 


42 


89 


757 


4787 


48,748 


670,498 n 





8 


59 


69 


836 


6432 


98,396 


988,875 


P 


4 


25 


75 


793 


8978 


47,874 


687,568 p 


9 


7 


45 


90 


681 


6479 


56,832 


994,693 q 


r 


11 


48 


98 


629 


9463 


91,478 


849,376 r 


8 


6 


27 


76 


924 


8779 


16,923 


649,478 8 


t 


13 


60 


99 


786 


3678 


94,873 


384,923 t 


u 


16 


75 


77 


937 


6482 


73,689 


569,247 u 


D 


19 


46 


93 


724 


5962 


69,798 


347,964 V 


W 


17 


74 


87 


692 


7389 


54,991 


976,394 w 


X 


7 


69 


79 


496 


8917 


98,346 


298,973 X 


y 


9 


57 


96 


739 


8998 


79,819 


917,966 y 


z 


14 


93 


67 


496 


9843 


54,433 


723.468 z 



19. Adding two columns at a time. If one has a great deal 
of adding to do, time may be saved by becoming able to add 
two columns at a time. Much practice in written work of this 
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kind may not be worth while, but all students will And a great 
advantage in being able to add quickly any two numbers less 
than 100. The method of gaining this ability will be shown in 
the next section, 

20. Oral drills. By using a permanent chart similar io the 
following, or the table itself for a few minutes each day, great 
proficiency may soon be gained. 

First add tens, i. e., 10, 20, 30, etc., up to 90, to each number in the table; 
then add ones, i. «., 1, 2, 8, etc.. up to 9, to the same numbers. When this 
can be done rapidly any two adjacent numbers, or any number and the one 
below it in the table, should be taken. To add 24 and 58, say 78, 82, 
adding first the tens then the ones. 





A 


B 


G 


D 


85 


F 


G 


H 


I 


J 


K 


L 


M 

53 

84 
98 
72 
89 
86 
29 
96 
87 
81 


1 

2 


18 
74 


64 


60 


90 


48 


89 


54 


25 


93 

84 


86 


47 
96 


91 
19 


83 


20 


63 


16 


72 


78 


10 


28 


3 


88 


79 


89 


34 


67 


40 


24 


53 


72 


86 


75 


4 


56 


32 


92 


14 


57 


26 


35 


88 


43 


81 


96 


84 


5 


37 


81 


49 


93 


36 

27 


52 


17 


23 

99 


72 


85 


32 
65 


47 


6 


51 


15 


96 


59 


83 


65 


68 


72 


79 


7 
8 


81 
70 


61 


69 


29 


95 


21 


94 


42 


84 


49 


61 


84 

72 


87 


28 


98 
46 


18 


41 


55 


80 


75 


63 


89 


9 


58 


60 


97 


82 


62 


22 


12 


66 


98 


42 


69 


10 


47 


11 


71 


80 


86 


73 


45 


76 


44 


75 


96 


27 



21. The general process of addition. The process of ad- 
dition, as used in the preceding pages, is universal in its ap- 
plication, whatever the base of the system. That is, whatever 
be the relation of one unit to the next higher, the process 
is the same. The principle stated in § 15 is used in all 
addition. 
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Example 1. 

3.46 
4.086 
6.8 
5.26 



20.456 



Example 2. 
(3) 



yd. 

8 
% 

6 



ft. 
2 
1 
2 
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Example 8. 

( 
I 

1 

fori* 

Example 4, 
scale of 5. Add them. 



Add 8.46, 4.936. 6.8, 5.26. 

Explanation. Since the decimal point locates the 
ones, (§16) by placing the points under each other 
like units are placed in columns throughout. Since 
the fractional parts at the right of the points have the same 
decimal scale of relations, the number of tens in the sum 
of each column is added to the next column, as in 
integers. 

AddSyd., 2 ft.. Sin. ; 2 yd., 1 ft, 6 in. ; 6 yd., 2 ft., 7 in. 

(12) Explanation. Here the sum is 20 in the first 

in. column, but the scale is 12; that is, it takes 12 

8 of these units (inches) to make 1 of the next higher 

5 (feet). Hence we divide 20 by 12, and have 1 ft. 

7 to add to the second column and 8 in. to write down. 

In the next column the sum is 6, but the scale is 3. 

So we have 2 to add to the third column and none 

to write down. 

f , and f 
Explanation. Here we are to add 8 things, 2 things, 
and 4 things, and since they are all alike we have 9 things, 
which are, in this case. 5ths. Hence the sum is |. 



8 



Add f , ^, 



Kow \ make an integral unit or 1. Hence {=^1|« 
Let 8243, 4132, 3412, and 1344 represent numbers in the 



8243 
4182 
8412 
1844 

23241 



Explanation. Here we have eleven in the first column, 
or two 5*8 and 1. Writing the 1, we add 2 to the next 
column, which gives fourteen or two 5*8 and 4. Writing 
4, we add 2 to the next column, which gives 12 or two 5*s 
and 2, etc. 



DRILL EXERCISES. 

Add the following : 

1. 3 ft., 6 in. ; 8 ft., 9 in. ; 10 ft., 7 in. ; 8 ft., 4 in. ; 14 ft., 
10 in. ; 18 ft., 11 in. 

2. 6° 30' 45"; 12° 29' 46"; 18*^ 46' 28''; 46° 28' 36"; 18^ 
46"; 17° 84'. 

8. 84.6; 28.49; 6.845; 17.3; 96.81; 109.385; 97.68; 9.768. 
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6 8 • 5 . » . 16. 34 . 2 

6. 3443; 2343; 2434; 4231; 2423; 1441; 2434; base 5. 

7. 3542 ; 5637 ; 3437 ; 6735 ; 7326 ; 3437 ; 5364 ; 2634 ; base 8 

8. 932^; teed; lete; 8^54; 7e45; 6^3^; 1^57 ; eett; base 12. 
• Note, t = ten ; e = eleven. 

9. 46.23 ; 64.37 ; 63.42 ; 76.265 ; 34.361 ; 36.26 ; base 8. 

10. 101.101; 11.011; 111.11; 10.111; 100.11; 10.001; base 2. 

11. e.tSd; ^O.el3 ; 9t.ee; le.eb; 6t.te; b^.tee ; base 12. 

12. 34.2135; 22.315; 30.2135; 14.045; 11.445; base 10. 

13. 175.e^; ee.tb; t51.«2 ; 69.9el ; 73.9^; base 12. 

22. Changing the units of a fraction. The student already 
understands the notation of a fraction (§ 7). That is, the 
number written above the line (the numerator) denotes the 
number of things ; and the number below the line (the denom- 
inator) shows what these things are by showing into how 
many parts the integral unit has been divided. 

Multiplying both terms (numerator and denominator) of a 
fraction by the same number does not change the value. 

For multiplying the denominator by any number, say 5, gives a unit 
only one-fifth as large, while multiplying the numerator by the same thing 
gives 5 times as many of these units, which evidently gives anew fraction 
equivalent to the old one. 

Since a fraction may be changed to an equivalent one with 
larger terms by introducing the same factor in each term, it 
naturally follows that : 

A com,mon factor m,ay be removed from both terms of a 
fraction without changing the value of the fraction. 

Thus ?-^-^^ or 15. 12_4X3_3 
^''"^' 3~5X8' 15' 20"4X5"5' 

23. Changing fractions to like units. Since a fraction may 
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be changed to an equivalent one whose denominator is any 
given multiple of the given denominator by the method of §22, it 
follows that to change two or more fractions to a common unit, 
we must first find a common multiple of the given denominators, 
that is, a number that is divisible by each of them,. Usually 
this can be found by inspection in the case of all fractions that 
occur in praotical work. 

24. To find the least common multiple. While one rarely 
ever needs a multiple that cannot be seen by inspection, the 
following examples illustrate a method that may be used 
where the multiple cannot readily be seen. 

Example 1. Fiod the least common multiple (L. C. M.) of 30 and 42, *. e.. 
the least number that is divisible by each of them. 

80 = 2 X 3 X 5. Explanation. A multiple of 30 must 

42 = 2 X 3 X 7. contain all the prime factora of 30, and a 

42 X 5 = 210, the L. C. M. multiple of 42 all the prime factors of 42. 
Now, a number whose factors are 2, 3, 5, and 7, will contain 2x3x5, or 
30, and also 2 X 3 X 7, or 42. In practical work we say 30 X 7, or 42 X 5, 
since 7 is not found in 30, or 5 in 42. 

Example 2. Find the L. C. M. of 60, 72, and 108. 

60 = 2x2x3x5. Explanation. We ask ourselves 

72 = 2 X 2 X 2 X 3 X 3. the following questions : 

108 = 2 X 2 X 3 X 3 X 3. (a) What prime factor of 60, needed 

108 X 2 X 5 = 1080, the L. C. M. in the L. C. M., is not found in 108 ? 
(6) What prime factor of 72 is not found in 108, i. «., found more 

times in 72 than in 108? 
{c) What is meant by the least common multiple of several numbers ? 

DRILL EXEBCISES. 



Add the following 


• 
• 








^' T^ Tl' 


4. 


^T,tt- 


7. 


X^ TiT' '817' ffT* 


2- tV' \\' 


5. 


S9 2*9 


8. 


tlT' SJ' ih f'S- 


3. \h \h 


6. 


h A. If, if 


9. 


U^ 24i, 37tV. 41|. 
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Add: 



10. 


u. 


u. 


IS. 


14. 


15. 


le. 


l^ 


11« 


161 


82* 


82i 


15i 


22} 


«A 


H 


24} 


84| 


24* 


d8| 


86J 


8t 


H 


424 


481 


86{ 


18t 


em 


^ 


H 


88i 


84i 


m 


82A • 


42t 


li 


«H 


«2A 


62} 


84} 


84i 


43A 


n 


8i 


26^ 


69H 


82H 


46f 


28i 


M 


7f 


84} 


82i 


18* 


53| 


48f 



DRILL TABLK FOR ORAL WORK. 

Note. a-\'b indicates that the adjacent fractions in columns a and h are 
to be added. 



1. 


a 


b 


e 


(2 


6 


/ 

12i 


g 


Ti 


i 


i 


A 


A 


4i 


1»* 


3414 


3. 


i 


i 


A 


A 


Oi 


m 


lOA 


482A 


8. 


i 


i 


A 


* 


81 


m 


16i 


d86iV 


4. 


i 


A 


A 


i 


7A 


m 


24i 


621} 


5. 


i 


i 


* 


1 


8{ 


83i 


24} 


287i 


6. 


i 


A 


4 


A 


m 


87i 


41* 


272} 


7 


i 


1 


i 


ii 


6* 


43f 


86H 


816A 


8. 


tV 


A 


A 


i 


7A 


66^ 


46| 


882} 


9. 


A 


tt 


A 


i 


10| 


62^ 


48A 


681} 


10. 


A 


i 


A 


i 


iiH 


66| 


sat 


218} 



Suggestive exercises : 
1—10. a+&. 

11—20. a-vc 
21-30. a-ird, 
81-40. ft+c. 



41-50. f-\-g, 

51—60. ^+A. 

61-70. €+/. 

71-80. (?+/. 



81— 90. ^+A. 

91—100. c-\-g, 

101-110. a+d+c. 

111-120. 5+c4-ei. 



CHAPTER IIL 
SUBTRACTION. 

25. Methods of subtraction. Since subtraction is an in- 
verse process, it naturally depends upon the direct process, 
i. e.j addition. 

There are two general methods of subtraction now in use. 
They are both shown below. 

932637 I^irst method. In this we think, 2 from 

156392 7, 5; 9 from 13 (1 of the 6 making 10 of the 

776245 order of the 3), 4 ; 3 from 5 (1 of the 6 has 

been used), 2 ; 6 from 12, 6 ; 5 from 12, 7 ; 1 from 8, 7. 

Second method. In this method, called the Austrian method^ 
we think, 2 and 5 are 7 ; 9 and 4 are 18 ; 1 (from the 10 of 13) 
and 8 and 2 are 6 ; 6 and 6 are 12 ; 1 and 5 and 7 are 13 ; 1 and 
1 and 7 are 9 ; writing, as we thus add, the number indicated 
in the full-faced type. 

DRILL EXERCISES. 

Subtract: 

1. 340,639 8. 603,164 6. 86,785,421 7. 90,807.00 
184,798 198,756 28,396.843 18,584.68 

2. 716,384 4. 84,693,705 6. 24,180,250 8. 32,090.100 
197.869 19,906,987 18,796,784 1,846.965 



9. 346,893,462 10. 807,632.947 11. 100.968,482 
193,906,847 198,469,758 97,896.745 

26 . Subtracting by adding arithmetical complements. 8—3 
is the same as 8+10— 3— 10, for 10 is both added and sub- 

17 
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tracted in the former to get the latter. This may be written 
*8 + (10-3)-10, or 8 + 7-10. Or in general, a-ft=a + 10— 
6-10 = a + (10-^)-10. 

Hence, we may subtract a number by adding the complex 
ment^ or the difference between the number and 10, if we drop 
10 from the sum. 

Example 1. 8-3+4— 6=8-h7+4+4— 20=3. 

This method is most useful in balancing numbers written in lines where 
some are to be subtracted. 

Example 2. 



Balance. 


Checks paid. 


Deposits. 


Balance. 


396.40 


283.20 


342.96 


456.16 


265.73 


192.84 


162.37 


235.26 



Explanation. Here we have in the first line 6 ; then 9, 17 (adding 8, 
the complement of 2), 21. Carrying 1 (1 of the 2 tens was dropped), 3, 10, 
16 ; 4, 6, 15; 3,11, 14; writing those in full-faced type. 

In the second we have 7, 13, 16; 3, 5, 13; 2, 10, 16; 6, 7, 13; 1, 10, 12. 

DRILL EXERCISES. 



Find the balance in each line: 





balance. 


CHECKS PAID. 


1. 


$346.81 


$297.68 


2. 


576.43 


438.63 


3. 


964.27 


724.31 


4. 


348.93 


196.38 


5. 


964.22 


896.34 


6. 


314.96 


125.38 


7. 


792.04 


96.42 


8. 


342.84 


85.63 


9. 


938.14 


125.46 



DEPOSITS. 

$143.82 
346.25 
287.38 
395.50 
483.96 
465.80 
345.21 
236.95 
95.60 



BALANCE. 
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BALANCE. CHECKS PAID. DEPOSITS. BALANCE. 

10. $890.42 $735.19 $483.42 

11. 766.48 98.18 385.62 

12. 342.9.6 97.42 196.84 

13. 792.05 346.81 560.80 

14. 309.17 85.80 190.80 

15. 806.24 190.60 265.85 

16. 973.61 385.42 463.73 

17. 843.42 97.86 196.85 

18. 763.96 119.43 234.25 

19. 834.42 380.40 198.17 

20. 765.25 195.98 380.42 

21. Find the sum of the balances in the first column, the 
sum of the twenty checks, the sum of the deposits, and the sum 
of the required column of balances. The sum of the first 
balance and the deposits, less the sum of the checks paid, should 
equal the sum of the required balances. This will be a check 
of your work. 

27. The general process of subtraction. The methods shown 
in § 25 may be used with any scale of relation. 

Example 1. From 9 yd., 2 ft., 3 in., take 2 yd., 2 ft., 8 in. 

(8) (12) Explanation. Since 8 cannot he taken from 

yd. ft. in. 3, add one of the 2 feet to the 3 inches, making 

9 2 3 15 inches. 8 in. from 15 in. leaves 7 in. 2 from 

2 2 8 1 cannot be taken. Hence, one of the 9 yd. is 

6 2 7* added to the 1 ft., making 4 ft. Then 2 ft. from 

4 ft. leaves 2 ft., etc. 
Example 2. From 34658 take 42346. 

Since the figures in these numbers do not represent like units, they cannot 

be subtracted until both are changed 

8)42346 34658 to the same scale. Instead of changing 

8)241—1 10718 42346 to scale 8, 3465« might have 

8)13 — 7 2374e been changed to scale 5, or both might 

1 — have been changed to scale 10, or to 

any other scale. 
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Example 8. From 48j^ take 24}. 

48J Explanation. Changing } and ^ to like units, we have J 

24f and }. Taking } from 1} (the 1 taken from the 8), we have 

28t f; 4from7, 8; 2from4, 2. 

* 

DRILL EXEBrOIBES. 



Subtract 


• 

• 












1. 321468234291 






3. 64001324689842 


186983492618 






19683249869826 


2. 50032406983 






4. 81262419630824 


18342983246 






19638142986814 


6. 2151. 


6. 


342i 


7. 


297| 8. 


868 


1 


^ m 




196^ 




125^ 


124A 


9. 347| 


10. 


82H 


11. 


342^ 12. 


968 


\ 


189| 




96| 




135^ 


126 


i 


13. 26 1b. 


8 oz. 


14. 34° 


12' 16" 


15. 97 yi 


'. 6 mo. 12 da. 


12 « 


10 « 


10° 


43' 38' 


83 " 


9 


« 17 « 


Subtract at sight 


• 
• 










16. 215|. 


22. 


112^ 


28. 


3059^ 


34. 


408tV 


39^ 




46| 




126f 




234 


17. 160f 


23. 


109 


29. 


2930^ 


36. 


426i 
108| 


4.Q11 




26H 




427# 




18. 203« 


24. 


1096f 


30. 


734H 


36. 


117| 
96| 


98| 




204| 




246^ 




19. 1064 
^4i 


26. 


4095| 


31. 


824^. 


37. 


218f 




738H 




163| 




108f 


20. 104^ 


26. 


4162f 


32. 


610f 


38. 


26H 


26| 




136| 




138H 




1074^ 


21. 15461 


27. 


4012rt 


33. 


341^ 


39. 


280|. 


119f 




107i 




103| 




103f 
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Subtract the following : 

40. 23413 -14244 . 46. 61302-36234.. 

B B 8 

41. 30411-14422,. 47. 73421,-73421,. 

42. 63075-27367.. 48. 34261. -34261,„. 



43. 3L620-17654. 



44. e30i52. -939^7 
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la' 



45. 43241.-5321.. 



49. €teO01^^'-990t%,. 
60. 86.647-19.896. 
51. 3.401-1.9847. 



52. 43.9-28.975. 

63. 96.87-67.909. 

64. 16.841-9.6342. 
66. .0346-.013965. 
66. 1.0368-.95. 
57. 3.126-.8436. 



CHAPTER IV. 

MULTIPLICATION. 

28. Multiplying by an integer. It has been seen that an 
integral multiplier denotes how many times the multiplicand 
is to be taken as an addend. 

Thus, 5 X 1345 means the same as $345 + $345 + $345 + $345 + $345. 

To multiply by a number of more than one figure the fol- 
lowing principles are used : 

Principle I. To multiplij a number by the sum of two or 
i/iore numbers^ we multiply the multiplicaiid by each of the num- 
bers and add the several products. 

Thus, 25 X 36 = (20 + 5) X 36 = 20 X 36 + 5 X 36. 

Principle II. One number may be multiplied by another by 
rmdtiplying by each of its factors in succession. 

Thus, 6X5 = 2X3X5; 20xl4 = 2XlOXl4 = 2x 140. 

Example 1. Multiply 86 by 27. 

86 
27 

602 = 7X86 
1720 = 20X86 or 2x10x86 



2322 = 27X86 



29. Special processes. By making use of the two principles 
of § 28, and by observing that the order of tl]e addends does 
not afifect the sum, work may sometimes be saved. 
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Example 1. Multiply 273 by 856. 

273 Explanation. Observing that 56 is a mul- 

856 tiple of 8, and that 56x273=7 X 8x273, we 

218400 first find 800 X 273. Then, 7 X 2184 will give 

15288 56X273. Adding, the total product is 

233688 233,688. 

Example 2. Multiply 42683 by 72936. 

42683 
72936 



38414700 = 900X42683 
1536588 = 36 X 42683 How obtained ? 
8073176000 = 72000x42683 How obtained? (Two ways.) 
3113127288 

DRILL EXEBCISES. 

By the method of § 29, find the products : 

1. 742 X 968. 6. 927 X 824. 11. 42847 X 37698. 

2. 729 X 846. 7. 848 X 654. 12. 95463 X 72841. 

3. 637 X 453. 8. 654 X 729. 13. 36972 X 84689. 

4. 735 X 864. 9. 35742 X 87638. 14. 48966 X 79486. 
6. 637 X 459. 10. 56872 X 97635. 15. 56728 X 39624. 

30. The general process of multiplication. It would be in- 
ferred from the work in addition that as long as the meaning 
of multiplication does not change, the process must be the 
same, whatever scale is used. 

Example 1. Multiply 342 by 34, scale 5. 

342 Explanation. 4 X 2 = 13, that is 5 + 8. 

34 Write the 3 and carry the 1. 4x44-1 = 32, 

8023 that is, 3x5 + 2. Write 2 and carry 8. 

21^1 4 X 3 + 3 = 30, that is, 3 X 5 + 0. Show how 

24333 the rest of the work is done. 
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Example 2. Multiply 3 yd., 2 ft., 9 in. by 5. 

8 yd. 2 ft. 9 in. Explanation. 5X9 in. =45 in. = 8 ft. 

5 9 in. Write 9 and carry 8. 5 X 2 ft. 4 8 ft. 

19 yd. 1 ft. 9 in. = 18 ft. = 4 yd. 1 ft. Write the 1 ft. and 

carry 4 yd. 5 X 8 yd. + 4 yd = 19 yd. 
Example 8. Multiply 36 by f . 

This meanis that we are to find J of 86, which is 4, then to multiply 4 by 
5. Hence f X 36 = 20. 

Example 4. Find f of f ; that is, multiply f by J. 

This means that we are to find } of f , then take 8 times the result. Since 
we cannot take i of the 5 things, we take a unit } as large, and leave the 
number of units the same. Then J of f = /g. If we take 8 of them, we 
have if. Hence f X f = H- 

Thus it is seen that 

I. A fractional multiplier denotes a double operation, the de- 
nominator being a divisor and the numerator a multiplier. And^ 

II. The p7'oduct of two or more fractions is the product of the 
numerators for the numerator and the product of the denominators 
for the denominator. 

Example 5. Find . 28 X 845. 65 

345.65 Explanation. Since to multiply by a fraction is 

.28 to divide by the denominator and multiply by the 

276520 numerator, we divide by 100, the denominator ex- 

69130 pressed by the decimal point, and multiply by 28. 



96.7820 But since our scale of notation is 10, to multiply by 

100 is to move the decimal point two places to the left. Hence, we multiply 
as in integers and point off as many decimal places as tliere are in both 
factms, 

DRILL EXERCISES. 

Find the products : 

1. 64 3. 3475 6. 341 

2. 396 4. 1696 6. 927 

47f 148^V ^H 
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25 



7. Find II XM- 

10 24_10><24 240 4 
12^35 12X35 420 7" 



Or, 



2 



H 4 



^%i 



T 



(a) Of what use is cancellation? 

(b) On what principle is it baaed? 

(c) Which is easier, to change 
the product to its lowest terms or 
to cancel first ? 



8- Axli- 

10 18v35 



12. 
13. 









14. Hxvft. 

15. MXH. 

16. Mxlf. 



17. 8fx6^=yx^=what? 

18. |x7i. 21. 6|X246. 24. f XHXf 

19. 2|X7VV. 22. |XfX3f 26. If XSIXI^It- 

20. 4|xl5|. 23. 2§x4ix7,^. 26. If X^XS^. 

Multiply the following by 10; by 100; by 1000. Give the 
results at sight : 

27. 345.68. 30. 1754.6. 33. 86.54. 

28. 197.34. 31. 18.462. 34. .342. 

29. 84.965. 32. 396.62. 36. 1.568. 

36. How would you multiply 324.638 by 8? By 64? By 512? 

37. How would you multiply 34«9e,, by 12? By 144? 

Find the products of : 

38. .84 X. 251. 42. 1.06X.934, 46. 3.04x1.09. 

39. .164 X. 28. 43. 2.002 X.163. 47. .109x.a06. 

40. .38X.64. 44. 2.5X.016. 48. .019X.008. 

41. .08X.008. 46. 4.3X.009. 49. .909x909. 



31. Cross multiplication. When the multiplier contains 
but two figures, the work can easily be kept in mind and the 
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partial products added without writing them down. The 
method is best shown by examples. 

Example 1. Find the product of 48x36. 

48 Explanation. 6x8=48. Write 8, carry 4. 

36 6x4+3x8+4 (carried) =52. Write 2, carry 5. 

1738 3x4+5 (carried) =17. 

Example 2. Find the product of 342x86. 

342 Explanation. 6X2=12. Write 2, carry 1. 

86 ' 6x4+8x2+1 (carried) =41. Write 1, carry 4. 

29412 6X3+8x4+4 (carried) =54. Write 4, carry 5. 

8x3+5 (carried) =29. 

While this method may be used with larger numbers, the 
larger the numbers the greater concentration required, es- 
pecially where there are more than two figures in the multiplier. 

DRILL EXERCISES. 

Write out the products by cross multiplication : 

1. 2. 3. 4. 6. 6. 7. 8. 

54 98 86 73 65 45 89 43 
27 j43 ^ .24 37 84 44 98 

9. 10. 11. 

76 59 84 
49 65 ^ 

17. 46x23. 22. 72x86. 27. 24x138. 

18. 38x65. 23. 43x19. 28. 26x237. 

19. 42X96. 24. 82x96. 29. 54x132. 

20. 84X27. 25. 34x71. 30. 63x247. 

21. 35x64. 26. 46x59. 31. 73x361. 

32. Short processes in multiplication. By observing certain 
facts, much of the work of cross multiplication may be saved in 
special kinds of exercises in which each factor has but two 
figures. 



12. 


13. 


14. 


15. 


16. 


38 


196 


234 


342 


843 


46 


87 


79 


63 


65 
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Example 1. Find the product of 74X76. 

74 Explanation. 6x4=24. Then 6x70+70x4, or 

76 6X70+4X70. is 10x70. Next we have 70x70. Hence, 

5624 in all, we have 70x70 + 10x70+24=80x70+24=5624. 

Hence, it may be seen that 

When the number of tens is the same in both factors, and the 
sum of the ones is ten, we take the product of the number of tens 
by the next higher number, and an7iex the product of the ones. 
Thus, 34X86=1224; 82x88=7216; 93x97=9021; 72X78=5616. 

Example 2. Find the product of 66x37. 

66 Explanation. 7x6=42. Then 7x60+3x60=10x60. Next, 
37 30x60. Hence, in all, the products are 30x60+10x60+42= 
244/i 40x60-f-42. 

Hence it may be seen that 

Wheji both figures of the mtdtiplicand are the same, and the sum 
of the numbers represented by the figures of the multiplier is ten, we 
annex the product of the ones to the product of the number of 
tens in the m,ultiplicand by the number i7i the multiplier increased 
by one. 

Thus, 44X64=2816; 66x82=5412; 33x73=2409; 44x91=4004. 

Note. While there are other similar "short methods," the two given 
are the most easily seen and most easily remembered. Unless kept in 
constant use, an attempt to memorize many such methods would result in 
confusion. 

DRILL EXERCISES. 

Give at sight the following: 

1. 23X27. 7. 33x28. 13. 21x29. 19. 93x97. 

2. 16X14. 8. 44x64. 14. 42x48. 20. 81x89. 

3. 18X12. 9. 55x82. 16. 66x19. 21. 99x37. 

4. 26X24. 10. 33x73. 16. 54.X56. 22. 88x64. 
6. 32X38. 11. 44X19. 17. 77x28. 23. 84x86. 
6. 46X44. 12. 55X28. 18. 88x46. 24. 94x96. 
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25. Why is the square of a number ending in 6 a special case 
of Example 1 ? 

26. Square the following : 

25; 45; 35; 65; 85; 55; 95; 75; 105; 115. 

33. Multiplying by the method of aliquot parts. An aliquot 
part of a number is one of the integral number of parts of the 
number. 

Thus, 6 is an aliquot part of 12 ; that is, it is contained in twelve an 
integral number of times. 25 is an aliquot part of 100 ; BJ of 10 ; 4 of 16 ; etc. 

Certain aliquot parts of 10, 100, 1000, etc., occur so often that 
they should be recognized instantly. 

Give the following ; 

i of 10 J of 100 i of 100 } of 100 

J of 10 J of 100 T^ffOflOO i of 100 

ioflO J of 100 3^1^'oflOO J of 1000. 

MEMORIZE THIS TABLE. 

25=i of 100. 16f =i of 100. 6i=TV of 100. 2i=i- of 10. 

33J=i of 100. 12J=i of 100. 3i-i of 10. 125= J of 1000. 

Example 1. Multiply 42 by 16|. 

6)4200 Explanation. Since 16| is J of 100, we may 

700 multiply by 100 and divide by 6. 

DBILL EXERCISES. 

1. Observe the above table, and tell how to multiply by 25. 
By 83f 

8. How would you multiply by 12^? By 125? 

3. How would you multiply by 6J ? By 3p By 2^ ? 
Give at sight : 

4. 88^X18. 6. 16|X36. 8. 25x84. 
6. 25x24. 7. 38^x42. 9. 12i.x24. 
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10. 16|X64. 13. 12^x72. 16. 16|X24. 

11. 26X96. 14. 25x32. 17. 12^x96. 

12. 6^X48. 16. 33JX68. 18. 6jx64. 

Find the following products : 

10. 8^X63.72. 27. 25x9.368. 35. 33^x46.751. 

20. 2^X86.48. 28. 25x73.46. 36. 16|X 82.968. 

21. 16|X193.52. 29. 12^x6.344. 37. 12^x175.82. 

22. 16fx 884.54. 30. 12^x73.824. 38. 12|-X 134.56. 

23. 25x86.978. 31. 6^x86.375. 39. 25x643.96. 

24. 25x82.847. 32. 161x42.963. 40. 125x34.69. 
26. 88^X96.126. 33. 83^X19.634. 41. 125x28.34. 
26. 83^X73.245. 34. 25x268.45. 42. 125x86.82. 

3 4. Special fractions. There are certain decimal and common 
fractions which occur so frequently that one ought to be able to 
change instantly from one form to the other. 

A TABLE OF SIMPLE RELATIONS. 

.50 =J. .66|=t. .62i=f. 

.25 =}. .38i=i. .87i=f 

.12i=i. .16f=i. .14f=|. 

.06J=,^. Mi=^js. .lli=i. 

1.25 =H. .37i=f. .83J={. 

There are other relations that are readily seen from these. 
Thus, .284=1; .56i=t\; Mi=^; etc. 

DRILL EXERCISES. 

Give at sight : 

1. 28X.25. 4. 96X.75. 7. 24x2.60. 

S. .75x84. 5. 12X2.25. 8. 33x1.25. 

3. 82X1.25. 6. 16x1.75. 9. 14x2.50. 
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10. 3.5X42. 

11. 1.25x64. 

12. 24x.33f 

13. 36X1.33 J. 

14. 18X.66|. 

15. 48xl.66|. 

16. 51x.33f 

17. 12x3.50. 

18. 54x.l6f 

19. 24xl.l6f 

20. .12^X88. 

21. 1.12^X24. 

22. 72x.l6f 



23. 96x.08f 

24. 48xl.08f 

25. 24x.37f 

26. 16xl.37f 

27. .83^x36. 

28. 24x.83f 

29. 18xl.83f 

30. 126xl.33f 

31. 480xl.66f. 

32. 49x.l4f 

33. 12x.l2f 

34. 24x.37f 

35. 48x.62f 



36. 80x.62f 

37. 56x.87f 

38. 16x2.87f 

39. 32xl.87|. 

40. 40xl.37f 

41. 48x.87f 

42. 35xl.l4f 

43. 42x2.33f 

44. 48xl.87f 

45. 72X1.111.. 

46. 36X.44*. 

47. 27X1.222. 

48. 56Xl.62f 



35. The order of factors. The product of several factors is 
the same, whatever the order of the factors. There is, however, 
often a choice in the order. 

Thus, 17X25X4 is plainly 17x100 or 1700, which is much easier than to 
find 17X25, then 425x4. 



DRILL EXERCISES. 



Give at sight : 

1. 13X4X5. 

2. 4X18X5. 

3. 15X25X4. 

4. 17X8X5. 
6. 20X63X5. 
6. 25X24X2. 



7. 16|X45X6. 

8. 93X121-X8. 

9. 8X46X12^. 

10. 3Xl7x33f 

11. 6^X28X16. 

12. 35X6X162. 



13. 76X5X20. 

14. 2^X16X40. 

15. 33^X173. 

16. 24X25X4. 

17. 18X5X17. 

18. 26X4X25. 



Apply any of the methods you have had and give results at 
sight : 
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19. 


73 X 77. 


28. 24 X 53. 




37. 16f X 48. 


20. 


91 X 99. 


29. 32 X 46. 




38. 12^X72. 


21. 


88 X 82. 


30. 31 X 76. 




39. 25 X 28. 


22. 


77 X 64. 


31. 42 X 69. 




40. 25 X 64. 


23. 


65 X 65. 


32. 46 X 81. 




41. 16f X 54. 


24. 


85 X 85. 


33. 46 X 93. 




42. 12^ X 48. 


25. 


87 X 83. 


34. 32 X 97. 




43. 121 X 24. 


26. 


96 X 94. 


35. 48 X 24. 




44. 6^ X 48. 


27. 


31 X 39. 


36. 67 X 63. 




45. 6 J X 64. 


At 


sight, give 


the cost of : 






46. 


21 lb. coffee at 33^ ct. 54. 


96 lb. butter at 25 ct. 


47. 


48 lb. tea at 25 ct. 55. 


48 


qt. berries at 12^ ct. 


48. 


24 lb. prunes at 16| ct. 56. 


9 yd. cloth at 50 ct. 


49. 


32 lb. rice 


at 6J ct. 57. 


16 


yd. cloth at 25 ct. 


50. 


48 lb. raisins at 16| ct. 58. 


12 


yd. lace at 8| ct. 


51. 


48 1b. steak at 12i-ct. 59. 


36 


yd. braid at 8^ ct. 


52. 


54 lb. steak at 16f ct. 60. 


24 


yd. cloth at 16| ct. 


53. 


72 1b. lard at 162 ct. ei. 


96 


yd. cloth at 12|. ct. 



36. Other methods of saving work. If the figure 1 should 
occur in the multiplier, especially as the first or last figure, 
the multiplicand may be used for the first partial product. 



Example 1. Multiply 385 by 81. 

Work. Explanation. 

385= 1x385 
8080 =80X385 
31185 = 81 X 385 



Example 2. Multiply 463 by 17. 

Work. Explanation. 

463 = 10 X 463 (why ?) 
3241= 7X463 
7871 = 17 X 463 



37. The sum or difference of products having a common 
factor. By observing such combinations as 4x7 + 6x7 = 10x7, 
or 70, time may be saved. 
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Example 1. Find the value of 17 X 48 -f- 88 X 48. 

17 X 48 + 83 X 48 = 100 X 48, or 4800. 

Example 2. Find the value of 45 X 64 + 38 X 64 - 33 X 64. 

45 X 64 + 38 X 64 - 33 X 64 = 50 X 64 = i of 6400 = 8200. 



Find the value of : 

1. 731 X 345. 

2. 126X489. 

3. 231 X 967. 

4. 146 X 3.45. 
6. 3.41 X 79.6. 



DRILL EXEBCISES. 

6. 38 X 346 + 42 X 346. 

7. 64 X 575 + 85 X 575 - 24 X 575. 

8. 9 X 3.1416 + 16 X 3.1416. 

9. 2 X 16 X 8 + 2 X 24 X 8 + 16 X 24 
10. 365 X 784 - 15 X 784 + 50 X 784. 



CHAPTER V. 
DIVISION", PACTORS, ETC* 

38. Division Division, like subtraction, is an inverse process. 
In division we have given the product of two factors, and one 
of the factors, and are to find the other. Then, division is the 
inverse of multiplication. 

39. Two kinds of division. Since one factor of a product 
may be concrete, in wliicli case the product is like the concrete 
factor, we may have a concrete number (a dividend) to be 
divided by either an abstract or concrete number (the divisor). 

Thus, since 3X$4=$13, (1) $12-^$4=3, and (2) $12-r-3=$4. 

(a) When the dividend and divisor are alike^ the quotient 
shows how many times the dividend contains the divisor. 

Just as the multiplier shows how many times the multiplicand must be 
used as an addend to produce the product, the quotient in this kind of division 
shows how many times the divisor may be subtracted from the dividend. 

By some this kind of division is called comparison, and by others, 
measurement, for it really measures the dividend by using the divisor as a 
unit of measure. This kind of division must be expressed by the sign of 
division, as $18-5-$3, usually read ** $18 will contain 



(h) When the divisor is abstract^ it shows into how many 
parts the dividend is to he divided^ and the quotient shows the 
size ofth^ parts, 

Tkis kindof dirision, then, consists of dividing a number into equal parts, 
and hence is called by some 'partition, or partitive division. This kind of 
division may be expressed by the sign of division, or by use of a fraction 
and the word **of/' Thus, to express the fact that if $36 is divided into 4 

88 
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equal parts, each part will be $9, we may write $36-^4=$9, or J of |36=$9 
The latter is perhaps most used. 

Note. — It will be observed that $36-«-4 is not to be read'*|36 will contain 
4." The sign is read ''divided by" in such cases. 

40. The process of division. Divisor integral. In explain- 
ing the process of division, either of the above interpretations 
may be used. Since the number of units represented by the 
quotient is independent of these interpretations, we shall 
consider the divisor abstract. 

Example 1. Divide 3248 by 7. 

Explanation. Dividing any number into parts does not 

7)3248 change the unit. Hence ^ of ^2 hundreds = 4 hundreds and 

464 4 hundreds yet undivided. 4 hundreds and 4 tens = 44 tens. 

1^ of 44 tens = 6 tens and 2 tens yet undivided. 2 te7is and 

8 = 28. ^ of 28 = 4. 

Example 2. Divide 35587 by 56. 

Explanation. The first left hand figures 

635 which represent a number that will contain 56 

56)35587 are 355. We do not need even to notice the unit 

336 (in this case hundreds) represented by it. 

108 -it of 355 of any unit = 6 of that unit and 19 

168 remaining undivided. The 6 is placed above 

307 the right hand figure of the number divided 

280 to show that it is of the same unit as the 

27, remainder number divided. To ** bring down** 8 is 

equivalent to multiplying the 19 by 10 and ad- 
ding 8. That is, by bringing down the next figure of the dividend, we are 
really changing the number remaining after each division to the unit of 
the next lower order and adding it to the number of that order. 

Example 3. Divide .8064 by 64. 

.0126 
64). 8064 

64 Explain why the first quotient figure is 

166 written in hundredths' place. (See the ex- 

128 planation in Example 2.) 

384 
884 
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Example 4. Divide 45 ft. 4 in. into 8 equal parts. 

£) 45 ft. 4 in . Explanation, i of 45 ft. = 5 ft. and 5 ft. 

6 ft. 8 in. yet undivided. 5 ft. = 60 in. 60 in. + 4 in. 

= 64 in. i of 64 in. = 8 in. 

EXERCISES. 

1< Give examples to illustrate each kind of division. 

2. Which kind Is $85-v-$17 ? Subtract $17 from $85, then 
trom the remainder, and so on, until no remainder is left. How 
many times do you subtract $17? 

3. Which kind of division was used to explain the process 
in the illustrative examples above ? Use the other kind, and 
explain the process. 

Divide : 

4. 35.265 by 84. 12. 84 ft. 6 in. by 8. 

5. 396.84 by 19. 13. 28 lb. 12 oz. by 9. 

6. 63.245 by 35. 14. 84° 15' 38" by 15. 

7. 9.3456 by 185. 15. 78° 23' 42" by 15. 

8. 10.463 by 89. 16. 35 bu. 3 pk. 2 qt. by 8. 

9. 1.3468 by 73. 17, 16 gal. 2 qt. 1 pt. by 5. 

10. 346.28 by 82. 18. 16 yd. 2 ft. 8 in. by 9. 

11. 75.642 by 64. 19. 4 hr. 82 min. 20 sec. by 12. 

41. Division of numbers in any scale. It must have been 
observed that the process of division is independent of the 
decimal scale of relation. It will be interesting to perform 
some divisions of numbers represented in other scales. 

Example 1. Divide 43321. by 134*. 

224 
184)42321 

823 Show how each figure in the work is obtained 

1002 
823 

1241 
1201 

40 
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Example 2. Change f to a place-value fraction whose scale is 5. 



6_10. .404+ 

6 lU 11)10.000 

4.4 

100 
44 



Divide : 
1. 3242^ by 41.. 
a. 13042^ by 32.. 

3. 36245^ by I733. 

4. 73426, by 137,. 



Explanation. Expressing 5 and 6 in the scale 
of 5, we have 10 and 11. Now dividing as in 
Example 1, we have .404.... 



BRILL EXEBOISES. 

5. 2OIOI3 by I2I3. 

6. IO22OI3 by 211,. 

7. me^^ by le5,,. 



9. 34253. by 512.. 

10. 53241. by 155.. 

11. ^^05^^, by le4,,. 

12. 101101, by 111,. 



8. e5jr6,, by 62^^,. 

Change to place value fractions, (sometimes called radix 
fractions) : 

15. |, scale of 12. 17. f, scale of 6. 

16. |, scale of 8. 18. ^^ scale of 4. 



13. ^, scale of 5. 

14. |, scale of 5. 



42. Dividing by a fraction. When the divisor is a fraction, 
the problem may be changed to one similar to those of the 
preceding sections by multiplying both dividend and divisor 
by the same number. For it may be seen that : 

Multiplying both dividend and divisor {or both terms of a 
fraction) by the, same number does not change the value of the 
quotient {or fractiorC), 

Example 1. Divide 34,34 by .8. 

.8)34.24 8)342.4 Observe tliat to make an integer of the divisor 

42.8 both divisor and dividend are muU%pl>tni hit 10, 

i, e., the decimal paint is moved one place to the right in both i/ie divisor' and 
the dividend. 

Example 2. Divide f by J. 

»-}-J=20-^21, or 1^ Explanation. Here we multiply both 

fractions by 28, the L. C. M. of the denominators, 
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Observe that the 5 was multiplied by 4 and the 8 by 7. This, it will be 
observed, is equivalent to multiplying tJie dividend by the divisor inverted. 

Example 8. Divide | by {. 

8 Explanation. The dividend is multiplied 

8 ?__9 by the divisor inverted. In general this method 

p^S~20 is shorter than that of Example 2. 
4 

DBILL EXERCISES. 

By inspection give the quotients : 

1. 1h-.1. 6. 1--10. 11. 2--.1. 16. .02-5-2. 

2. l-f-.Ol. 7. l-j-lOO. 12. 2--.01. 17. .02-J-.001. 

3. lO-T-.l. 8. 1-h^.OOOl. 13. .2--.02. 18. 3-f-.l. 

4. lO-f-.Ol. 9. 10--100. 14. .02-J-.2. 19. 3h-.01. 
6. lO-f-.OOl. 10. 10--1000. 15. .2-^.002. 20. 3--.001. 

Find the quotients : 

21. 84.62-5-32.4. 26. 9.63--.25. 29. .973-^-2.61. 

22. 7.68-T-2.4. 26. 10.6-5-.72. 30. .8--.73. 

23. 89.6-f-.42. 27. 12.8-f-4.2. 31. .95--.012. 

24. .782--.032. 28. .873--1.46. 32. .84--.009. 

33. f-|. 36. ^-H- 39. f-f 42. i^^^. 

34. ^-|. 37. t-^^. 40. 1-/^. 43. .32-i|. 

43. Precedence of signs. It may happen that in expressing 
all of the work to be done in solving a problem, several of the 
pro^sses occur. When the signs of addition and subtraction 
alone, or the signs of multiplication and division alone, occur, 
the processes are performed in order from left to right 

Thus, in 12-6-2+8. 12-6=6; 6-2=4; 4+8=12. In 6x20+8x3 
5X20=120; 120+8=15; 15x8=45. 
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When the signs of all four processes occur, mathematicians 
have agreed that 

The processes of multiplication and dimsion must he per- 
formed before those of addition and subtraction. 

Thus, 3x7-6x2+15-i-8=21-12H-5=14. 

44. Factors. On account of the decimal place-value fea- 
ture of our notation, certain factors of numbers consisting of 
several digits may easily be seen from the sum of the digits, 
or from the nature of the last digits, etc. 

I. The factors 2 and 5, Since 2 and 5 are factors of 10, 
they are evidently factors of any multiple of 10. Also, since 
any number may be considered a number of lO's plus the last 
digit of the number, it follows that 

Any number will contain 2 or 5 if the last digit will, and not 
otherwise. 

II. The factors 4 ^^^ ^^* Since 100 will contain both 4 
and 25, any multiple of 100 will contain both 4 and 25. Also, 
since any number may be considered as a number of lOO's plus 
the number represented by the last two digits, it follows that 

Any number will contain Jf. or 25 if the number represented by 
the last two digits will, and not otherwise. 

III. The factors 9 and 11. It may easily be seen that by 
taking 1 from any power of 10, we have a number whose digits 
are each 9 and which, therefore, will contain 9. Also by 
taking 1 from any even power of 10, or by adding 1 to any odd 
power of 10, we have a number that will contain 11. It i^also 
known that any number in the scale of 10 consists »of the sum 
of multiples of powers of 10. From these two facts we can 
easily find tests for divisibility by 9 and 11. 

(a) Divisibility by 9. Take the number 34267. It is equal 
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to 3x10000+4x1000 + 2x100 + 6x10 + 7. This is also equal 
to 3x9999 + 3 + 4x999 + 4+2x99 + 2 + 6x9 + 6+7, from which 
we see that the number will contain 9 if the sum of the digits 
3 + 4 + 2 + 6 + 7 will contain 9. Since any number maybe 
separated in this way, it is seen that 

Ajii/ number will contai7i 9 if the sum of the digits tcill con- 
tain 9, and not otherwise, 

(b) Divisibility by 11, The number above is also evidently 
equal to 3X9999 + 3 + 4X1001-4+2x99 + 2 + 6x11-6 + 7, 
from Avhich we see that the number will contain 11 if the dif- 
ference between the sums of the odd and even placed digits 
will contain 11. And, in general. 

Any number will contain 11 if the difference between the sums 
of the odd and even placed digits will contain 11^ and not other- 
wise, 

EXERCISES. 

1. Extend the reasoning of § 44 to tests of divisibility by 8, 
16, 125, and 625. 

2. Show why the divisibility by any^fPvCtors except those 
made up of 2 or 5, or powers of these numbers, or their pio- 
ducts, cannot depend upon the number represented by any 
part of the given number. 

3. Had 5 been the scale of our system of notation, would the 
divisibility by any factor depend upon any particular digit or 
last digits ? Why ? 

4. With a scale of 12, what factors would have depended 
upon the last digit? Why? 

•6, With a scale of 12, upon what will divisibility by 8 
depend ? By 16 (sixteen) ? By 9 ? 

6. Had 8 been the scale, what factors would have depended 
upon the last digit? What upon the number represented by 
the last two digits? 
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7. In a scale of 12, show that divisibility by 11 depends 
upon the sum of the digits. 

8. If we used a scale of 8, upon what would the divisibility 
by 7 depend? 

9. With a scale of 8 show that divisibility by 9 depends 
upon the difference between the sums of the odd and even 
placed digits. 

10. By properly separating any number into parts, show that 
a number is divisible by 8 if the sum of the digits is divisible 
by 3, and not otherwise. 

45. Uses of arithmetic. A knowledge of numbers is in- 
dispensable in carrying on the practical affairs of life. The 
power tQ see the quantitative relations of the magnitudes 
about us stands next in value to the power to communicate 
with each other. 

46. The solution of problems. The ability to compute in no 
way insures the power to solve problems. Through constant 
drill and practice, one comes to compute without giving 
much thought to the work. Computation requires merely very 
close attention and perfect familiarity with a few combinations. 
The ability to solve problems, however, does not become so 
mechanical. Power to solve problems depends upon power to 
see relations between magnitudes, and not upon a knowledge 
of fixed formal rules. 

47. Problems and drill exercises. After discovering the 
solution of a certain class of problems, others of this class do 
not require the same thought and thus they become mere drill 
exercises. In many of the problems that arise in business, 
in science, or in the industries, the processes to be performed 
are perfectly apparent as soon as the meanings of the terms 
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involved are understood. These then, are but drill exer- 
cises, but those of frequent occurrence in the world's work are 
important. They give practice in important applications, and 
should be drilled upon by the student until great eflSciency is 
attained. Parts II, III, and IV of this book show some of the 
most important applications of arithmetic. 

48. Method of attack. To successfully attack a problem 
requires (1) Power to understand the statement of the problem ; 
(2) Power to observe the properties of the magnitudes and to see the 
relations of the magnitudes involved ; (3) Power- to determine 
what to do. 

The steps, tnen, in solving any problem are as follows : 

I. Getting a complete ' understanding of just ic hat is wanted 
and what is given in the problem^ or what is known in som,e other 
way that will help to find this, 

II. A comparison of what is given with what is wanted in 
order to discover just what work is to be done^ L e., what oper- 
ations are to be performed. 

III. The processes indicated and the work accurately per- 
formed. 

YV, A comparison of the result with the data given, to see if 
the result seems reasonable. 

Example 1. A milkman added 86 cows to his herd. This was 45^ of 
the number in the resulting herd. How many had he at first ? 

I. We must first know what this mean^. We must know that 45% of 
anything means .45 of the thing. We must see that the 36 cows consti- 
tuted 45^ of the present herd and that the remainder, or 55^ of the herd, 
is required. 

II. Now to decide what to do, we must compare what is wanted with 
what is given. We thus see that the number required is ^ of the number 
given (comparing 55^ with 45,';?). Hence, we knpw that wq «tre to fin(J 
•V Of 8Q. 
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III. We now indicate the work, and solve it in the shortest possible 
way. 

11 ^ 

-Q- X 3? cows = 44 cows. 

IV. Does the result seem reasonable ? 

Example 2. If 50 acres of com produce 2800 bushels, what should I 
expect from 75 acres producing the same 3'ield per acre ? 

I. Given the yield of 50 acres ; required the yield of 75 acres. 

II. Comparing 75 with 50, we see that we should multiply 2800 by H, 
or add i of 2800 to 2800. 

III. Work: " 2800 

1400 
4200 

IV. Does the result seem reasonable ? 

Example 3. A rectangular field of 54 acres is 30 rd. wide. What will 
it cost to fence it at 2^ cents a foot ? 

I. We know that there are 160 sq. rd. in 1 acre, and that the area of 
a rectangle is the product of its dimensions. 

II. Comparing what is wanted with what is given, we see that we must 
find the length, then the number of feet in the perimeter, and then mul- 
tiply 2^ cents by this. 

III. Work indicated and performed : 

18 16 
fXHxX^^Xf X 2ict. + ^><?l^X2ict.=318x83xfct. 

159 5 

31^ X33x$ct. =$262.35. 
r 

IV. Does the result seem reasonable? 



Part II 



APPLICATIONS OF ARITHMETIC TO BUSINESS 



CHAPTER I. 
ACCOUNTS. 



49. An account. A record of the debits and credits between 
persons having business transactions, or of the receipts and ex- 
penditures of a particular class of transactions, is called an 
account. 

50. The debit side of an account. The debits oi?in account 
are records of debt. These are placed at the left of the central 
dividing line in the record of the account. 

51. The credit side of an account. The crec7i75 of an account 
are records of money, or its equivalent, paid by a debtor on his 
account. The credits are placed on the right side of the central 
dividing line in the record of the account. 

52. To balance an account. The difference between the 
sums of the debits and credits of an jiccount is called the 
balance. To balance an account is to enter the balance on the 
lesser side, thus making the total footings of the two sides 

equaL 
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The following illustration shows the form of a ledger account between 
E. L. Holmes & Co., merchants, and Robt. L. Ray, debtor: 

Dr. Robt. L. Ray Cr. 



1908 










1908 










Jan. 


2 


Sales 


28 


00 


Jan. 


6 


Cash 


20 


00 


tt 


7 


tt 


36 


00 


t( 


15 


<» 


35 


00 


<« 


10 


Cash loan 


10 


00 


Feb. 


15 


<« 


20 


00 


<< 


15 


Sales 


82 


50 


Mar. 


1 


Balance 


92 


50 


Feb. 


12 


(t 


18 


75 












4< 


14 


<< 


42 


25 


















167 


50 


• 






167 


50 



1. "Who has bought goods as shown by the above account ? Of whom 
has he bought them ? 

3. What do the ** Sales " items of the debit side show ? What does 
the •* cash loan " item of the debit side show ? 

3. What do the " cash " items of the credit side show ? 

4. What does the " balance " on the credit side show ? 

5. What would a ** balance " on the debit side have meant? 

EXERCISES. 
balance the following accounts and tell what the balance indi' 
cates in each case : 

1. John V. Farwell & Co., in account with B, L. Gray : 
Sales, June 1, 26 yd. brussels carpet at $1.12 ; June 8, 46 yd. 
black silk at $1.04; 38 yd. Wamsutta cotton at 11 J cents; 
June 25, 86 yd. cotton at 9^ cents; 34 yd. silk at $1.18. 
Credits, June 15, cash $45; June 20, goods returned, $23; 
June 25, cash $20. Balance the account July 1. 

2. R. C. Randall & Co., in account with W. R. Brooks : 
Sales, $38.40; $96.23; $84.68; $34.50; $26.84; $126.18; 
$342.96. Credits by cash and goods returned, $120 ; $26.84 ; 
$90 ; $38.50 ; $84.20. 

3. Miller Bros., in account with Wm. R. West: Sales, 
$84.60; $96.80; $64.98; $134.18; $28.43; $96.84; $38.26; 
$96.24. Credits by cash and goods returned, $100; $34.60; 
$75 ; $26.80. 
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53. An account with Cash. When I keep an account witU 
« Cash," I am keeping an account, as it were, with my own 
pocket-book or cash-box. " Cash " is debtor^ that is, owes me, 
for all that is put in, and " Cash " is credited with all that is 
taken out. 



Dr. 



Cash 



Cr. 



1908 

May 
«< 

it 

« 


1 

5 

7 

10 

22 


BalR,nce 
Rent reed. 
Mdse. sold 
Jjand sold 

Balance 


$100 

50 

25 

725 


00 
00 

oo' 
oo| 

00 
00 


1908 

May 
«< 

<< 


18 
14 
18 
22 


Mdse. bought 
Piano bought 
Clothing bought 
Balance 


$450 

350 

25- 

• 75 


00 
00 
00 
00 




900 


900 


00 


May 


75 







1. Cash is charged with having received four amounts, which it owes 
me, that is, for which it is my debtor. How much on hand at the 
beginning ? 

2. What is the total amount Cash has received ? 

3. When I take out $350 with which to purchase a piano, Cash has paid 
me back how much of what it owes me ? 

4. What other amounts has Cash paid me, that is, for what other amounts 
should Cash be credited ? 

5. How much more has Cash received than paid out ? 

6. How much more might I have spent so as to balance the account ? 

7. For what is Cash debtor at the beginning of the next account ? 

SXEBOISES. 

1. Balance the Cash account of Charles Watson. He has on 
hand $4.21. He receives at various times $6.24, $7.36, $8.49, 
$7.34, $6.75. He pay,s out $8.75, $9.81, $8.39. 

2. On Monday morning a merchant begins business with 
$247.84 on hand. He receives $24.75, $86.91, $84.28, $97.25, 
$164.29. He pays out $18.99, $37.49, $64.91, $83.15. Find the 
balance on hand. 
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Find the balance of each of the following accounts i 
3. 4. 



5. 



Dr. 


Cr. 


Dr. 


Cr. 


Dr. 


Cr. 


6987.65 


$629.55 


$4768.82 


$468.34 


$649.81 


$82.46 


1839.76 


83.74 


947.61 


984.59 


8439.87 


981.32 


6482.91 


968.71 


847.77 


1483.22 


648.38 


641.25 


478.85 


28.46 


3998.64 




91.76 


239.86 


698.47 


318.93 
1. 


8372.91 






728.41 


€ 


7. 


8 


. 


Dr. 


Cr. 


Dr. 


Cr. 


Dr. 


Cr. 


$246.94 


$839.75 


$698.32 


$649.83 


$356.78 $135.72 


839.76 


646.81 


376.59 


478.88 


938.12 


873.54 


842.94 


794.32 


843.26 


694.31 


45.23 


137.92 


327.68 


546.78 


695.98 


883.24 


938.83 


7639.85 


946.32 


937.89 


831.96 


695.64 


876.23 


736.29 



9. The following is the open account of E. R. Walker with 
the First National Bank of Monroe : 

Dr. E. R. Walker Cr. 



Jan. 


11 


Check 


$500 


00 


Jan. 


4 


Balance 


$486 


87 


it 


12 


t( 


57 


30 


<( 


10 


Deposit 


290 


00 


(( 


20 


<( 


235 


75 


(( 


11 


(i 


198 


75 


(( 


22 


<« 


11 


80 


<< 


21 


(( 


773 


40 


<( 


28 


(< 


97 


30 


(< 


25 


(( 


110 


00 



Without balancing, it is evident that the balance will be on 
the debit side. What does this show ? What would a balance 
on the credit side show ? Find the balance. 

10. Balance the following and tell what it shows : 
On May 1, E. F. Mason had a balance of $4370.28 to his ac- 
count in the bank. He deposited on May 1, $269; May 6, 
$165 ; May 10, $175 ; May 15, $180.50 ; May 20, $290. He 
withdrew by check the following amounts: May 1, $156; May 
10, $450; May 13, $125; May 27, $675.50. What was his 
bnlarice June 1 ? 



CHAPTER II. 
BUYING AND SELLING. 

54. Percentage. A merchant usually thinks of his loss or 
gain as being a certain per cent of the cost. A number of per 
cent, as 6 per cent (written 6^), is merely a number of 
hundredths. Hence, a per cent is a fraction showing the rela- 
tion of one quantity to another — a fraction whose unit is a 
hundredth. 

Thus, if an article costing $6 is sold for $9, the gain is $3, or \ of the cost. 
It is more common, however, to say that the gain is 50ji^. 

Again, if an article costing $4 is to be sold at a gain of J of the cost, or 
for $5, we usually say that it is.sold at a gain of 25^. 

55. Problems in percentage. The two problems of per- 
centage most common in business are : 

I. To find a part of some number when the part to he found is 
stated in terms of per cent ; 

II. To compare one number with another atid express the 
relation in terms of per cent. 

Another problem very much less common in business is : 

To find a number wTien some known part, expressed as per cent, is given. 

Example 1. A merchant bought a suit for $12, and sold it at a gain of 
80^. Find the amount gained. 

Solution: We are to find .30, or ^^, of $12. .30x$12=$3.60, the gain. 

Example 2. A dealer gained $3 on goods that cost him $15. What per 
cent of the cost was gained ? 

Solution: We are to find the relation of $3 to $15, and express it as per 
cent. $3 is J of $15. J=20^. 

47 
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56. Fractional equivalents of certain per cents. There are 
certain per cents which are so common in business that their 
fractional equivalents should be recognized mstantly. 

A TABLE OF EQUrSTALBNTS. 

J=50^. J=33i^. i=20^. |=80jr. 

J=25^. |=66i5^. 1=40^. {=75^. 

v=i2i^. ^=l^%. f=6o^. i=mi 

OTHER EQUIVALENTS LESS IMPORTANT ARE: 

1=83 J^. {=62i^. A=8i^. 

f=i4|^. j=87i^. ^=m. 

ORAL PROBLEMS. 

1. A book that cost the dealer $2.00 was sold at a gain of 
40^, What was the gain? What was the selling price? 
What per cent would have been gained, had the selling price 
been $2.50 ? What per cent would have been lost, had the 
selling price been $1.75 ? 

Note. The rate of gain is a per cent of the cost. 

2. By selling a book for $1.60, a merchant gained 40 cents. 
What per cent of gain was this ? At what price should he 
have sold it to gain 50^? To lose 25^? 

3. Which pays the better rate of gain, a suit sold for $12 at 
a gain of $3, or one sold for $18 at a gain of $4 ? 

4. I lost 20^ when selling an overcoat for $15. At what 
price should I have sold it to gain 20^? 

Suggestion. The known number, $15, is 80^ of the cost, and 120^ of 
the cost is required. Compare what is wanted with what is giv§n, and 
show that the solution is ljx$15, or $15+ J of $15. 

5. A merchant marked an article to sell at $21. This was a 
gain of 40^. What was the per cent of gain or loss if it was 
sold for $18? 

Suggestion. At $18, it sold for | of what it was marked. That is, it 
sold for I of 140jg of the cost. Then it sold at a gain of 20^. Why ? 
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6. A farm that cost 16000 was sold for $7000. ' What pei 
cent was gained ? 

7. A house was sold for $8000. This was $1000 more than 
it cost. What was the per cent gained ? 

8. A stock of goods sold at $3000. This was $1000 less 
than the cost. What was the per cent of loss ? 

9. If I buy books at 20j^ below the list price, at what were 
books listed that cost me $36 ? 

Suggestion. 80^ of the list price is given, and the whole list price oi 
lOOjt of it is wanted. Show why J of $36 added to $36 gives the result 
required. 

10. After deducting 88|^ from the list price, goods cost me 
$27. At what were they listed ? 

WBITTEN PROBLEMS. 

1. A house and lot costing $6800 is to be sold at an advance 
of 18^ of the cost. Find the gain and the selling price. 

Solution. 2. A merchant sold out his 

$^®^ ' business at 75^ of the invoice 

gjjoQ price of the stock of goods. . If 

6800 the goods were invoiced at 

Jl|24.00=:.the gain ^6453^ what did he get for 

$8024.00=the selling price *^^^ ^ 

3. A grain dealer bought 16,600 bushels of wheat at 82^ 
cents a bushel and sold it at an advance of 124^. How much 
did he gain ? 

4.. A farm that cost $9600 was sold for $8500. The loss 
was what per cent of the cost ? 

Solution. . 1 1 Jl =lliiJi^ 

$9600 96)11.00 

8500 96 

1100=loss 140 

Hence the loss=H of the cost 96 



4t=H 

I 



I 
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Remark. A per et-nt #> ofJy a rrhition expressed a9 hundredth*. Hence 
in a]] such problems, we get the relation required and express it as 
hundredths. 

5. A piano costing $360 and selling for $580, yields what rate 
of gain ? 

6. A traveling salesman sold $75,500 worth of goods during a 
certain year. He received 1\% of his sales for his services. 
What did he earn ? 

7. A salesman earned $4250 one vear when he received hut 
6J^ of his total sales. What were his total sales that year? 

Suggestion. Since 100;;^ of his sales, or all of them, are required, and 
6J^ of them are known, the solution is 16x$42o0. Why ? 

8. A merchant's sales for the year amounted to $75,000. 
His average gain was Vl\^ of the sales If clerk hire was 
$2400 and sundries $1250, what was his net gain? What per 
cent of the cost was the net gain ? 

9. A merchant bought coal at $6.25 per ton and sold it at 
$7.50 per ton. What was his rate of gain ? 

10. A man bought a quarter section (160 acres) of govern- 
ment land at $2.50 per acre. He sold | of it at $8.50 per acre 
and the remainder at $10 per acre. The selling price was what 
per cent of advance over the first cost ? 

11. At the end of the year, a merchant found that hia net 
profit was $5000. His expenses were: rent $720, clerk hire 
$1500, advertising $250, and sundry items $650. If the average 
gross profit of his sales was 16|^ of the selling price, find the 
sales for the year. 

12. A merchant bought sugar at 4i cents. If the loss in 
drying out, down weights, etc., was 10^ of the amount bought, 
what per cent did he make by selling it at 6 cents ? 
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13. A grocer bought 2000 bushels of potatoes at 45 cents. 
I of them were sold at a gain of 20^, and the remainder at a 
loss of 11^^. Find the net rate of gain. 

14. A merchant bought 400 barrels of apples at $1.76 per 
barrel. He sold f of them at $2.60, ^ of them at $2.76, and the 
remainder at $1.60. Find the net rate of gain. 

16. After paying rent $600, clerk hire $2100, lighting and 
heating $320, and sundries $340, a man had a net profit of 
$3900 from his business. If his sales for the year were $64,000, 
find the average gross gain per cent upon the selling price of the 
goods. Find the net gain per cent upon the cost of the goods. 

16. A real estate agent sold a farm of 146 acres at $120 per 
acre, and the stock and utensils for $3426. For his work he 
received 2^ of the price of the farm and 3^ of the price of the 
utensils. How much did he earn in all? 

17. I paid a collector $28.20 for collecting a note. If his 
charges were b^ of the amount collected, how much did he 
collect ? 

18. During the year, a merchant's sales amounted to $24,660. 
Thje average gain was 20^ of the sales. His rent w^as $480, 
clerk hire $1800, and sundries $640. The net gain was what 
per cent of the cost of the goods ? 

19. If the wages of a certain class of workmen are to be 
raised 16^ from their present scale, which is $1.80 per day, 
what will the wages be under the new scale ? How much will 
this amount to in a year to a man wl)o works 286 days? 

20. A dealer bought 26 boxes of oranges at $3.60 per box of 
144 each. In all, he found 120 decayed ones. At what price 
per dozen must he sell the remainder to gain 26^ of the total 
cost ? 

21. A grocer bought 260 pounds of raw coffee bean at 14^ 
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cents a pound. In roasting, it lost 25^ of its weight. He sold 
the roasted coffee at 22 cents a pound. How much did he make? 
What per cent of the cost did he make ? 

57. Commercial discount. It is a custom among certain 
wholesale dealers, manufacturers, and publishers to fix a price, 
called the list price, on their goods and then allow a certain 
deduction from this price to " the trade," t. e., to retail dealers 
handling their kind of goods. This deduction is called discount 
and is usually a per cent of the list price. 

OBAIi PROBLEMS. 

1. A bill of goods listed at $90, discounted 20^, will cost 
what ? 

2. Goods listed at $150 cost $120. What was the rate of 
discount ? 

3. What can I discount the list price to make 20^ profit on 
goods bought at 25^ below the list price ? 

Suggestion. The question is, at what per cent of the list price must 
goods costing 75% of the list price be sold to gain 20^ of the cost ? 

4. Goods bought at 10^ below the list price and sold at 20^ 
above the list price yield what per cent profit? 

Suggestion. 80%' of the list price is gained on what cost 90^ of the list 
price. What part, then, of the cost is the gain ? 

6. Goods bought at 40^ discount are sold for 20^ below the 
list price. What is the per cent of proflt ? 

6. A piano dealer bought a piano listed at $600 for 50^ off, 
and sold it for 30^ off. How much did he make ? 

WBITTEN PROBLEMS. 

1. A bill of goods listed at $375 was sold at 22^ off. Find 
the net price. 

2. I got a discount of $294 from a bill of goods listed at 
$840 What was the rate of discount ? 
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SOLUTION. Explanation. Since it is required to find 

.35=35^ the rate per cent that one number is of the 

840)294.00 other, first find the ratio of $294 vo $840, which 

252.0 is }|4, then express it as hundredt?i8. 
"42:00 
42.00 

8. I bought goods that were listed at $1150 for $920. What 
rate of discount was this ? 

4. A bill of $1980 was discounted 16f^. Find the net 
price. (Hint: 16|^=f) 

5. A merchant is usually allowed 30, 60, or sometimes 90 
days, in which to pay for a bill of goods, but is allowed a dis- 
count for cash within 10 days. How much does a merchant 
save at " 6^ off for cash " on a bill of $588 ? 

6. During a single month a merchant received goods 
amounting to $10,486. His average discount for cash was 
4J^. How much did he save by paying cash ? 

7. A dealer sold goods listed at $980 at a discount of V^^' 
from the list price, and still made 16 §^ on what they cost him. 
What discount did the dealer get from the list price ? 

8. I bought a bill of goods listed at $1650 at a discount of 
40^. What discount can I give from the list price to make 
30^ of what the goods cost me? » 

9. I made $84 on a bill of goods. This was 16|^ of what 
they cost me. At what were they listed if I received a discount 
of 20^ from the list price ? 

10. In making an estimate on a heating system, the plumber's 
terms were as follows : a boiler listed at $240, discount 25^ ; 
radiators, $84.50, discount 35^; fittings, $37.50, discount 
40^ ; work and other expenses $150. Find the total cost. 

11. A jobber sold a bill of goods for $66.80, which was 15^ 
less than the list price. The jobber got a discount of 25^ 
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from the list price. How much did he make ? What per cent 
did he make ? 

12. A dealer bought 3 wagons listed at $70 each, and 2 
others listed at $92 each. He received a discount of 47 J j^ 
from the list price. What was the net invoice price ? By 
paying cash he got a further discount of 5^ from the net 
invoice price. How much did he save by paying cash ? 

EXERCISES FOR DRILL. 





List 
Price 


Rate 
of 
dis- 
count 


Dis- 
count 


Net 
Price 


20. 
21. 
22. 
23. 
24. 
25. 
26. 


List 
Price 


Rate 
of 
dis- 
count 


Discount 


Net 
Price 


13. 


$ 465 
$ 970 


20 
331 






$ 950 




$96 




14. 






$10.jO 




$175 




15. 


$1640 


40 






$1260 






$1050 


16. 


$1830 


5 






$ 940 




$23.50 




17. 


$1960 


^ 






$ 630 






$598.50 


18. 


$3470 


5 






$ 126 






$108 


19. 


$1698 


161 










$236.25 


$708.75 



58. Successive discounts. When wholesale houses wish to 
increase the discount already given, they usually add another 
discount to be taken from the former discounted, or net price, 
rather than give a new single discount. 

Thus, if goods are quoted at $600, less 25^ and 10^, it means tbat $600 is 
to be discounted 25^, and the remainder, $450, is then to be discounted 
lO^sJ, leaving a net cost of $405. 

WRITTEN FB.OBLEMS. 

1. A bill of hardware was listed at $96, 40^ and 10^ off. 
Find the net price. 

2. Find the net cost of a bill of $85, 40^ and 5^ off. 

3. Find the net cost of 8 doz. drip pans listed at $4.45 per 
dozen, and 15 coal hods listed at $2.10 per dozen ; discounts 
60^, 10^ and 10^. 
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4. Find the net cost of 24 doz. basting spoons at $3.00 per 
dozen, and \ gross galvanized buckets at 158 per gross; 
discounts 75^ and 10^. 

6. A dealer received a bill of window glass listed at 1730, but 
the discounts were 90^ and 15^. Ilnd the net cost. 

6. A hardware dealer received an invoice of hardware listed 
at $850. The discounts were 40^ and 10^. Find the net cost. 

7. A bill of chinaware listed at $736 had discounts of 66|^ 
and 10^. Find the net price including $8.36 for boxing, 
freight, and drayage. 

8. One-third of the gross amount of a bill of silverware 
amounting to $846 was discounted at 40^, 10^, and 10^, and the 
remainder at 40^ and 15^. Find the net amount of the bill. 
If the dealer retails the entire bill at an average of 90^ of the 
list price, what does he make ? What per cent ol the net cost 
is this ? 

9. A dealer receives a bill the gross amount of which is $334. 
The discounts are 40^ and 10^. The freight, drayage, and 
sundry expenses amount to $12.50. If the dealer receives an 
average of 85^ of the list price, what per cent does he make on 
the net cost? 

10. If a dealer gets discounts of 40«^ and 15^, what dis- 
count can he give on the list price to make 30^ on his in- 
vestment ? 

11. A jobber sold a plate glass for $150, less discounts 50^, 
30^, and 10^, and made a profit of 25^ upon what it cost 
him. What did it cost the jobber ? 

12. A dealer received the following invoice of wagons : 3 
listed at $79 each ; 2 listed at $81 each ; 4 listed at $103 each ; 
and one listed at $85. The discounts were 40^ and 5^. Find 
the net invoice. If a further discount of 5^ for cash is given, 
what will he save by paying cash ? 
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X3. What per cent profit will the wagons described in 
Problem 12 yield, if bought for cash and sold at lOji from the 
list price ? 

14. A dealer bought disc harrows listed at 118.50, at 35^ and 
10^ off, and sold them through an agent at 10^ off from the list 
price. The agent got 2b^ of the amount he received for the 
harrows. Find the net profit of both the dealer and the agent 
on each harrow. 

5 9, Billing goods. Among the following problems are forms 
of bills rendered by wholesale dealers to retail dealers. A bill 
should show t/ie date that it was rendered; the date^ price^ and 
amount of each purchase ; the terms^ i. «., the discounts^ if any ; 
and the net amount of the bill. 

PROBLEMS. 

1. What amount will settle the following bill, if paid within 
10 days from the date of the bill ? 

WHITALL TATUM CO. 

Philadelphia, Pa. 

May 25, 1908. 

Sold to J. R. Wick, ( Net 60 days; ^% 

Terms: "I discount if paid 
Covington, Ind. 



< discount 11 
( in 10 days. 




Gross tooth brushes No. 1064 at % 8.80 

No. 8100 at $12 
No. A-A at $13.80 



<< 



(< 



(( 



(( 



(( 



Less discount 40^, 10^ 
doz. spec, water bottles at $18 

at $20 






(( 



(( 



(( 






Less discount 20^, h% 



22 


00 




2 


00 




20 


70 




44 


70 


24 


9 


00 




10 


00 




12 


00 




81 


00 


23 

47 



14 



56^ 
70 



S. Is the following bill correct ? What will settle this bill 
before 5/13/'08 ? 
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Detroit, Mich. , 6-8-'08. 
G. H. GiLMORE & Co., Rochester, N.'Y. 

To PITTSBURGH PLATE GLASS COMPANY, Dr. 

Tenns : 2^ 10 days, net 60 days. 



Quantity 


Size 


Forwarded at Purchaser's 
Risk 


Price 






Total 


4 boxes 
6 " 
10 " 

2 " 

2 " 


26X32 
24X28 
12X16 

26X30 
27iX40 


DAA $6.65 

5.81 
1.26 

Less 90^, 20^ 
DAA 9.03 

10.31 

Less 90^, 15^ 


26 
81 
12 

71 
18 
20 

38 


60 
86 
60 

06 
06 
62 

68 


5 
3 


69 
29 


8 


98 



3. Make out a bill from the same firm and to the same parties 
for the following: Date, March 5, 1908. 

8-10jXl6i^ SAA, at 11.14; 5-21J-X26| DAA, at $6.27; 

6-23^X28 DAA, at $6.02; 3-19^x23 DAA, at $4.30 ; 

6— 27ix25J SAA, at $6.76. Discount 90 and 15^. 

4. Complete the folio wmg bill : 

CHICAGO- KENOSHA HOSIER CO. 
Manufacturers op Seamless and Full-Fabhioned Hosiert. 
Sold to Messrs. J. R. Doe & Co., Decatur, 111. 

rr^^^a i 3 per cent 10 days. July 15, 1908. 

^®"°^] Net 80 days. 



No. of doz. 


Description 


Price 




Totals 


4 
4 


Boys' Stockings 

€t <( 


1.90 
2.00 
2.10 
2.25 
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If Doe & Co. remit before July 25, what should be the 
amount of the remittance? What must they remit any time 
between July 25 and Aug. 15? 

6. Bill from the same firm to A. L. Dickson & Son, Jan.4/'08 
the following: 3J doz. pr. hose at $3.25; 7 J doz. pr. children's 
stockings at $1.80 ; 12|^ doz." pr. gent's half hose at $2.50 ; 8| doz. 
pr. boys' stockings at $2.25. What will settle the bill within 10 
days ? What within 30 days ? 

6. Complete the following : 

Indianapolis, Ind., July 6, 1908. 
Mb. R. H. Brabb, Springfield, Mo. 

Bought of HOLLWEG «& REESE, 
Importers of China, Glass & Queensware. 
Terms : 60 days or 2^ off 10 days. 



6 
6 

7 

6 
2 
1 
3 
2 
3 
6 



2 
2 
2 



Doz. 5274 Plates 






Only 



<< 



<( 



(( 



$2.25 
Teas 2.50 

Coffee Cup Only 2.40 
Fruit 1.50 

Deep Coup. Soup 2.00 
Covd. Dish 1.65 

Casseroles 1.65 

Boat Stant .85 

10 in. Dish .50 

12 ** •* .83 



Less 10^ 

Doz. 19783 H. & Co. Fruit 3.19 
Only " Baker 1.50 

Lobster Salad 1.69 



(( 



It 



Less 25^, 10^ 
Pkg. 



* 
* 
* 

* 

* 
* 



* 



* 


* 


* 


» 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


« 
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7. Check the following^ that is, see if it is correct: 











Gross 


Net 




Description 


Price 










i 








amount 


amount 


doz. Alum. Trays & Scrapers 


4 


00 






1 


00 


i 


doz. " 


4 


00 






1 


00 


1 


(loz. Favorite Cake Spoons 












75 


1 


doz. Galv. Tubs 






5 


70 






1 


doz. ** 






5 


80 






i 


doz. *• 


7 


20 


8 


60 






\ 


doz. " 


7 


20 


3 


60 






1 


doz. Skimmers 








70 






1 


doz. Rings 








25 






A 


gro. Dippers 


7 


80 




65 






i ' 


doz. Bread Raisers 


4 


80 




80 






1 


doz. 


5 


70 




95 








doz. 


6 


90 


1 


15 






■»■ 


doz. Cup Dippers 








65 
35 






24 




Less \0% 










21 


92 


J 


gro. Slop Jars 

Less 10% 


86 


00 


9 


00 


8 


10 


1 


doz. Dippera 
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2 


doz. Basting Spoons, per gr. 


22 


00 


3 


67 






2 


doz. •* " ** *' 


29 


00 


4 


88 






2 


doz. •* *• " " 
Less 75-10^ 


86 


00 


6 
14 


00 
50 


3 


27 


1 


doz. Soup Strainers 










1 


00 


1 


doz. Pie Tins 












45 


A 


gro. Dippers 


11 


40 






38 


95 
99 



Make out bills for the following : 

8. Butler Bros., Chicago, 111., sold to E. M. Rose & Co., Jan. 
3, 1908, the following : 240 yd. matting at 17^ cents ; 360 yd. 
matting at 18 cents ; 8 rugs at $3 ; 2 matting rugs at $0.78 ; 5 
couch covers at $3.25 ; 6 pr. curtains at $1.60 ; 12 pr. curtains 
at $2.75. Terms : 1 per cent in 20 days ; net 40 days. 
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What will settle the bill before Jan. 23 ? What from Jan. 
23 to Feb. 12? 

9. Sydney Shepherd & Co., Buffalo, N. Y., sold to H. M. 
Murphy & Son, March 13, 1908, the following: 

\ gro. pails at $39.60 ; ^^ gro. steamers at $28,80 ; ^ gro. 
steamers at 132.40 ; all less 10^. Also ^ gro. pails at $31 net : 
1^ doz. drip pans at $4.45 less 60, 10 and 10% ; J doz. bond 
boxes at $5.10 less 10%. Terms : 2% off 10 days ; net 60 days. 

What will settle the bill before March 23 ? What, within 
60 days ? 

10. Syracuse Chilled Plow Co., sold to Mr. Dawson, Feb. 8, '08, 
the following : 

3 Jr. sulky plows at $43 each ; 7 No. 443 foot plows at $16.50 ; 
12 No. 402 foot plows at $13.50 ; 4 disc harrows at $27.75 ; and 
3 sectional lever harrows at $9.75. Discount 35^ and 5^. 
Terms : 4 months, or 5^ discount for cash in 30 days. 

What will settle the bill in 30 days ? In 4 months ? 

60. Marking at a profit and discounting marked price. 

Sometimes goods marked to sell at a profit must be sold at a 
discount on the marked price. The problem then, is to find 
the net loss or gain, 

ORAL PliOBLEMS. 

1. Goods costing $2.50 were marked to sell at a gain of 40^, 
but were sold at 25^ less than marked. Find the gain. 

3. Shoes costing $30 per dozen were marked to sell at a gain 
of 50^, but were sold for " a quarter off," that is, at a discount 
of 25^ from the marked price. What was the gain or loss on 
each pair ? 

3. Boys' suits costing $60 per dozen were marked to sell at a 
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gain of 40^, and sold at " a quarter off." What was gained or 
lost ? 

4. An article costing $3.50 was marked at an advance of 
20^ and discounted 10^. Find the gain. 

6. Goods marked to sell at 40^ gain were discounted 10^. 
What per (5ent of the cost was gained ? 

SuaaESTiON. — The marked price was 140^ of the cost. The discount 
was 14% of the cost. Then the selling price was 128^ of the cost. 

6. Goods marked to sell at 20^ gain were sold at 10^ off. 
What per cent was gained ? 

7. What is lost by marking at an advance of bO^ and dis- 
counting 40j^ ? 

8. What is gained by marking at an advance of 40^ and 
discounting 20^ ? 

9. A merchant marked his shoes to sell at a gain of 60j^. 
What does he make on a pair marked at 14.80 when selling at 
" a quarter off " ? 

10. A merchant made $2.00 when selling an $18 overcoat at 
" a quarter off.'* At what per cent of profit had he marked it ? 

11. What discount can a merchant give on the marked 
price of goods marked to gain 50^ in order that he may get the 
cost of his goods ? 

12. After marking down a suit 26^, a dealer asked $15 for 
it. Being unable to sell it at this price, he gave another dis- 
count of 15^ (on the $15) and still made 75 cents. At what 
per cent above cost was it first marked ? 

18. A dealer received an invoice of $3500 worth of goods 
which he marked 33^^ above cost. He then marked them 
down lOj^ for a " bargain sale." What was his profit ? What 
per cent of profit did he make ? 
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DRILL EXERCISES. 



No. 


Cost 
Price 


Rate of gain 


Profit 


Marked 
Price 


Rate of 
Discount 


Selling 
Price 


Net 

loss or 

gain 


1 


$ 3.50 


20^ 






10^ 






2 


7.60 


25^ 






m% 






3 


10.50 


33i^ 






2i% 






4 


3.60 


33i^ 






10^ 






5 


9.60 


16i^ 






5^ 






6 


16.40 


20^ 






s% 






7 


24.80 


40^ 






26% 






8 


16.50 


45^ 






161^ 






9 


17.20 


50^ 






m% 








No. 


Marked rate 
of ffain 


liate of 
Discount 


Rate of 
loss or 

• 


No. 


Marked 
rate of 


Rate of 
Discount 


Rate 
of loss 

• 








gain 


19 


gam 




or gam 


10 


50^ 


20^ 




30^ 


20^ 




11 


40^ 


10^ 




20 


50^ 


33i^ 




12 


40^ 


16|^ 




21 


40^ 


25^ 




13 


50^ 


16f^ 




22 


dO% 


25^ 




14 


m% 


10^ 




23 


20^ 


s% 




15 


20^ 


m% 




24 


25^ 


16|^ 




16 


40^ 


m% ■ 




25 


33i^ 


20^ 




17 


50^ 


s% 




26 


60^ 


40^ 




18 


60^ 


m% 




27 


60^ 


25^ 





61. Selling on commission. Some agents, or salesmen, 
receive an amount equal to a certain per cent of their sales 
rather than a fixed salary. Salary thus obtained is called 
commission. 

ORAL FBOBLEMS. 

1. What is the yearly income of a salesman who sells $60,000 
worth of goods at 7|^ commission ? If his expenses are $150 
per month, what is his net income ? 

2. A salesman earned $3600 selling goods on a 6^ commis- 
sion. How much did he sell ? 

3. If $6500 was the yearly commission from $65,000 worth 
of goods, what was the rate ? 
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4, A salesboy was offered his choice of the following: 
$8.50 a week; $5 a week and 1^ of his sales; or 4^. of his 
sales. He chose tlie last. His sales averaged $265 per week. 
How much a week did he gain by his choice ? How much is 
that for the year, if he worked 50 weeks ? 

BRILL EXERCISES (Oral). 



Com. 



5. 
6. 
7. 
8. 
9. 



Sales. 


Rate. 


Com. 




$85,000 


H 




10. 


75,000 


^\% 




11. 


96.000 


W 




12. 


24,000 


25% 




13. 


36,000 


20^ 




14. 



Sales. 


Rate. 


$345,000 


^% 


95,000 


m% 


42,000 


5$ 


65,000 


m 


72,000 

• 


s% 



62. Buying through an agent. Sometimes an agent is 
employed to buy for another, receiving instead of a salary, a 
per cent of the cost of the goods. 

ORAL PROBLEMS. 

1. An agent bought 500 barrels of apples for me at $1.20 
per barrel. Find his commission at 3^. How much per 
barrel did it add to the cost ? 

2. My agent bought a car-load (720 bu.) of potatoes for me 
at 40 cents a bushel, commission 2^^, What was his com- 
mission ? How much per bushel did it add to the cost? If 
freight, drayage and other expenses are 9 cents a bushel, for 
how much fi bushel must I sell them to make 30^ ? 

3. One month an agent bought 20,000 bu. of peaches at an 
average price of 50 cents. What did he earn at 2^^ com- 
mission ? 

63. A commission merchant. A commission merchant is 
one who receives property from others for sale, usually receiv- 
ing as compensation a per cent of the amount received. 

Note. In case of car-load lots, the agent sometimes finds a buyer before 
the goods are shipped and they are sent direct to the buyer. 
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WBITTEN PBOBLEMS. 

1. A commission merchant sent me $829 from the sale ol 
500 barrels of apples at $1.75, after pa5"ing $20 freight and 
$8.50 storage. "What commission did he charge me? How 
much per barrel was this ? 

2. I shipped produce to a commission merchant which he 
sold as follows : 68 crates of strawberries at $2.56 per crate ; 
2,340 bunches of radishes at 2 J cents a bunch ; and 15 baskets 
of lettuce (18 pounds each) at 12 cents a pound. How much did 
I receive if I paid 6% commission? 

3. A commission merchant sold a car-load of melons (1460) at 
48 cents each, on a 5^ commission. How much commission 
did he get from the sale ? 

Note. — A commission merchant who deals in hay, grain, and beans 
usually charges per car, ton, or bushel. 

4. Complete the following account sales : 

NEW YORK HAY EXCHANGE ASSOCIATION. 



June 1, 1908. 



Sold for account of M. Dawson. 



May 



It 
tt 

t€ 



1 

7 
7 
9 



Description. 



No. 1 timothy at $20. 

8 " at $16. 

1 clover at $16. 

3 " at $14. 



«< 



ti 



(C 



No. 
Bales. 



164 
180 
170 
160 



Weight. 



22,445 
24,626 
23,440 
21,435 



Freight $90.40. Drayage $16.50. Stor 

age $45 

Commission $1 per ton 

Amount of draft 









•K- 


* 




* 


# 




* 


* 




* 


* 


** 






** 


»« 
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5. Mr. Mooreman paid the following prices for 3 car-loads of 
hay : No. 1 baled timothy $14 ; No. 2 baled timothy $12 ; No. 
1 clover $12. He shipped it to the Brooklyn Hay and Grain 
Co., who sold it as follows : 300 bales No. 1 timothy, 42,225 
pounds at $20 ; 120 bales No. 2 timothy, 16,345 pounds at $18 ; 
90 bales No. 1 clover, 18,440 pounds at $17. Commission $1 
per ton. Freightanddrayage $96.75. Storage $36. Find the 
net gain and the gain per cent. 

6. A dealer paid $1.80 per bushel (60 lb.) for beans, put 
them in bags of 165 pounds each, and sold them per car-load 
f. o. b. (free on board cars) at $2.25 per bushel, through a 
commission merchant. The bags cost $165 per 1000. The 
commission merchant's fee was 5 cents per bag. Find the net 
profit on a car-load of 320 bags. 

7. A dealer bought 3 car-loads of wheat (3460 bu.) paying an 
average price of 82 cents. It was sold by a commission mer- 
chant for 86 cents (f. o. b.). Find the net gain, commission 
behig $5 per car. 

Note. — Dairy and poultry products are usually sold on a 5^ commission. 

8. A commission merchant sells 1580 lb. of chickens at S^ 
cents a pound, and 56 cases of eggs (30 doz. each) at 18 1 cents a 
dozen. He charges 5^ and deducts $7.25 for freight and other 
charges. How much does he remit ? 

9. Find the net proceeds and the net gain from the following 
sale : 120 cases of eggs (30 doz. each) at 26 cents, 730 eggs 
broken ; 60 crates of spring chickens, averaging 90 lb. per crate 
at 22 cents ; and 40 tubs dairy butter, 80 lb. each, at 18 cents. 
Freight $86. Drayage $32. Storage $28. Commission 5^. 
The average price paid was eggs, 18 cents ; chickens, 16 cents ; 
butter, 16 cents. 

64. A broker. A broker negotiates sales or jnakes pur- 
chases for another, as an agent, for a commission on the 
amount sold or purchased. 
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Tbe nature of his business is usually denoted by a prefix, as, stock-broker, 
cotton -broker, exchange-broker, etc. ThediCference between a commission 
merchant and a broker is, that the former actually handles that which is 
bought and sold, while the latter does not. 

PBOBLEMS. 

1. A speculator buys 50,000 bu. of wheat, through a broker, 
for 86 J, and sells at 98 J. What does he make, brokerage being 
^ct. per bushel for buying and for selling ? What is the broker's 
fee? 

2. If a speculator buys 1500 barrels of pork at $14.05 and sells 
it at $12.87 J, what is his total loss, not including interest, 
brokerage being 2|ct. per barrel for buying and the same for 
selling ? What is the broker's fee ? 

3. What will 3500 bales (500 lb. each) of cotton cost at 9.6ct. 
per pound, brokerage 5ct. per bale ? What is the brokerage ? 

4. A speculator buys 2800 bales of cotton at 10.2ct: and sells 
at 9.8ct. What is the total loss, brokerage 5ct. per bale for each 
transaction? What is the broker's fee ? 



CHAPTER III. 
BORROWING, LOANING, AND INVESTING MONEY. 

65. Interest. Money paid for the use of money is t?iterest. 
It is a certain per cent of the amount borrowed, xjalled the 
princitoal. The rate is usually for the use for a year, even 
though it may be collected semi-annually or quarterly. 

66, A promissory note. One who borrows money from 
another gives a written promise, called a promissory/ note^ to 
repay the money at a given time. Tlie rate of interest also is 
stated in the note, unless the interest is paid in advance. 

The following is a standard form of promissory note : 



Indianapolis, Ind., J2^/f. S, 19^<f. 
^^wft monds after date I promise to pay to the order of 

t^tenr^ C/. pfalk»ft 

tj/ive Aufu/rei/ ant/ — Dollars, 

value received, with interest at 6%. 



In case the note is given to a bank and the interest is paid in 

advance, the note is made payable to the cashier of the bank 

and no rate is named. 

67 
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The following is a common form of such a note 



Ypsilanti, Mich., ^. ^0, 19<7<f. 

^Atneiu ilaus after date, I promise to pay to the order 

of R. W. Hemphill, Cashier, f€00 

^/ic /lant/f^ Dollars 

at Ypsilanti Savings Bank, Ypsilanti, Mich. Value received. 
Residence 3i4 Sim ^. 

Due sf/iri/ ^0. Discount f9.00. ^. ^. %fn^. 



67. Security. One who loans money wishes, of course, to 
become reasonably secure from loss, that is, reasonably sure 
that the money will be repaid. If the financial standing of the 
borrower is good, it may be that his own signature is sufficient 
security. Sometimes two or more sign the same note. Anyone 
of those who sign the note thus becomes responsible for 
its payment. This method is known as personal security. 
Sometimes the repayment is secured by the borrower making 
over certain real estate or personal property to the one of whom 
the money is borrowed. This is called a mortgage, and becomes 
void when the money is repaid. 

68. Simple interest and bank discount. When money is 
loaned for long periods, the interest usually is collected at the 
ead of each year (or at the end of each half-year, or each quarter, 
if so specified, in the note). This is simple interest. Banks 
usually require the interest to be paid in advance, especially for 
money loaned for short periods, as 30, 60, 90, or 120 days. This 
interest paid to banks is called Bank discount. 

Thus, if one should borrow $100 at 6^ for 3 months, in the case of simple 
interest, he would give his note for §100 with interest at Q%. He has the use 
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of $100 for 3 months and, at the end of that time, pays $101.50.* When 
borrowing the same sum at a bank he gives his note for $100 without 
interest y and pays the interest of $1.50 from the $100 in advance, leaving 
but $98.50, called the proceeds of the note. At the end of the term, the $100 
is paid to the bank. Thus it is seen that the only difference between the 
bank discount and the simple interest is that in one case the interest of 
$1.50 is paid when the money is borrowed, and in the other, when it is 
repaid. That is, 

I. Simple interest is a per cent of t?ie mmiey actually harrowed and used; 

n. Bank discount is a per cent of the maturity value of the note. 

69. Date of maturity. To find the date upon Vhich a note 
is due, the usual custom is to count forward the number of 
months or days according as months or days are stated in the 
note. SO days are considered an interest month, and 860 days, 
a year. 

70. Interest problems. The only problem with which the 
business man is concerned is to find the interest (or amount^ 
i. e, interest plus the principal) when the time and rate are 
given. 

To obtain the interest for any period of timey multiply the 
interest for one year by the time in years, 

DBUili EXERCISES IN INTEREST AND BANK DISCOUNT. 

Oral, 

1. At 5^, what is the interest of $400 for 1 year ? For 6 
months ? For 2 years ? For 2 yr. 6 mo. ? 

2. At 6^, what is a year's interest of 1500 ? 8 years'? 
8. At 6j^, what is 3 years' interest of $800 ? 6 years'? 

* It is becoming customary, especially among bankers, even where the 
interest is charged upon the amount actually received by the borrower, to 
add the interest to the face of the note rather than to name the rate. Thus, 
the interest of a $700 note to run one year at 6^ is §42. Hence, a non -interest 
bearing note of $742 is given. 
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At 6^, what is the interest of' 
4. $500 for 6 mo. ? 6. $250 for 1 year ? 

6. $300 for 8 mo. ? 7. $150 for 2 J years ? 

At 5^, what is the interest of: 

8. $800 for 1 yr. 6 mo. ? 11. $400 for 2 yr. 3 mo. ? 

9. $200 for 2 yr. 6 mo. ? 12. $800 for 1 yr. 9 mo. ? 
10. $300 for 2 yr. 8 mo. ? 13. $700 for 4 years ? 

Written. 

1. At 5^, what is the interest of $540 for 2 yr. 7 mo. ? 
Solution. Explanation. .05 of $540= the int. foi 

12^100^^^"' °^ the total interest = HXtSbXJ^O. 

31X5X$540 _a>aQ ,.« 
, 12X100 -^^-^^ 

Note. This is called the general method of finding interest. 

Find the iiiterest and amount of: 

2. $5000 at 5^ for 1 yr. 3 mo. 

3. $6040 at 4^ for 1 yr. 8 mo. 

4. $7500 at ^^ for 2 yr. 2 mo. 

5. $9460 at 6^ for 6 mo. 12 da. 

6. $1350 at 5^ for 8 mo. 20 da. 

7. $3460 at 4^^ for 9 mo. 10 da. 

Find the hank discoimt a) id proceeds of: 

8. $4860 for 90 da. at 4^. 11. $3050 for 6^ da. at 6^. 

9. $6500 for 70 da. at 5^. 12. $5100 for 65 da. at 5^. 
10. $1400 for 110 da. at ^^. 13. $1950 for 72 da. at 4^. 

71. A short method of finding interest. Money is often 
borrowed for short periods, say 30, 60, or 90 days, especially at 
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banks. 6^ is a very usual rate. In such cases, much time 
may be saved by observing that 

Since the int, of any prin. for 360 da, at 6^ is ,06 of theprin.^ 
then the int, of any prin. for 60 da, at 6^ is ,01 of the prin. 

Example. Find the interest of $720 at 6^ for 90 days. 



$7.20 

3.60 

$10.80 



Explanation. Since ^^^ of $720, or $7.20, is the 
interest for 60 days, $3.60 must be the interest for 30 
days, and their sum the required interest. 

DRILL EXERCISES. 



At sights give the interest at 6^ of: 



1. $540 for 60 da. 

2. $600 for 90 da. 

3. $840 for 30 da. 

4. $720 for 10 da. 
6. $900 for 120 da. 
6. $540 for 90 da. 



7. $120 for 45 da. 

8. $750 for 40 da. 

9. $680 for 120 da. 

10. $305 for 90 da. 

11. $1200 for 15 da. 

12. $1600 for 75 da. 



13. $2400 for 45 da 

14. $3600 for 10 da 

15. $4200 for 70 da. 

16. $5400 for 50 da 

17. $6300 for 50 da 

18. $2100 for 20 da 



Find the interest at 6^ of: 
19. $720 for 87 days. 



$ 7.20=int. for 60 da. 
2.40= ** " 20 ** 
.60= ** *' 5 ** 
.24= '* *' 2 ** 

$10.44= " " 87 ** 



20. $965 for 117 da. 

21. $1050 for 96 da. 



22. $1360 for 83 da. 

23. $1540 for 54 da. 

24. $1680 for 93 da. 
26. $2750 for 63 da. 

26. $742 for 72 da. 

27. I960 for 84 da. 

28. $1432 for 36 da. 

29. $1520 for 108 da. 



Y2 SECONDARY ARITHMETIC 

80. Find the interest of $840 for 75 da. at 5^. 

At 5^, Jlnd the interest of: 
31. $820 for 70 da. 
^ito^'^y ?f ^f ^r f? ^ 32. $960 for 68 da. 



6)10.50= - - " •' 75 " 33. $720 for 93 da. 

34. $875 for 72 da. 



1.75= *' " 1% " 



*t it 



$8 75= " " 5% 



it *( .< 



35. $970 for 85 da. 



At O^yjind the amount of: 

36. $450 for 20 da. 39. $650 for 45 da. 42. $980 for 80 da. 

37. $120 for 50 da. 40. $810 for 75 da. 43. $735 for 76 da. 

38. $830 for 45 da. 41. $960 for 70 da. 44. $963 for 86 da. 

72. Negotiable paper. Any kind of security, as a note, a 
bond, or any other written obligation, that may be transferred 
from one person to another is called a negotiable paper* A 
promissory note is negotiable when properly indorsed, that is, 
when signed across the back by the holder. Unless the in- 
dorser writes the words " without recourse " over his name, he 
is held responsible for the payment of the note in case it cannot 
be collected from the maker, 

73. Selling notes. Business firms very frequently take 
notes due in 30, 60, or 90 days, or for any term agreed upon, 
either with or without interest, from their customers. A firm 
may merely indorse these notes in case the firm is of high 
financial standing (if not they may be asked for further security) 
and sell them to a bank, that is, deposit them at a bank and 
receive credit for \hQ proceeds. It was seen in § 68 that a bank 
charges interest upon the maturity value of the note. Hence, 

In buying a note (discounting)^ a hank computes the amount 
due at maturity^ and charges interest on this amount from the day 
the note is bought U7itil it is due. 

Note. Banks compute interest on the nearest dollar, $0.50 being 
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counted an extra dollar. Thus, to compute the interest on $435.65, use 
$426. They also usually compute the interest for the exact number of 
days the note has to run. 

DBILL EXERCISES IN SELLING NOTES. 

1. A note of $600, dated May 3, 1908, interest 6^, to run 4 
months, was discounted May 20, at 6^. Find the proceeds. 

Solution. — Amount of the note when due, Sept. 3 = $612. 

Interest on 8612 at Q% for 106 days (from May 20 to Sept. 8) = $10.81.. 

Proceeds, or $612 — $10.81 = $601.19. 

2. A note of $560 to run 3 months, dated Aug. 4, 1908, 
bearing 6^ interest, was discounted at 6^ on Sept. 19. Find 
the discount and the proceeds. 

3. A man sold his farm for $6500, taking a note due in 6 
months, interest 5^. He at once sold the note to a bank, 
discount 6^. What did he get in cash for his farm ? 

4. A certain wholesale house sells goods on 90 days' time, 
taking in payment a 90-day note Without interest. What does 
the house get for an invoice of $820 discounted at 6^, 5 days 
after the date of the note ? 

5. In order to get cash for goods, some firms allow a discount 
of 2^ from the bill, if paid within 10 days* Others take a 60- 
day or 90-day note which they discount if they need cash. On 
a bill of $750, which is better for a firm, and how much, to allow 
a 2^ discount or to discount a 60-day note at 6^? Which is 
better, 2^ discount or to discount a 90-day note at 6^ ? 

6. Some firms date their bills for certain kinds of goods two 
or three months ahead of the actual date of making out the 
invoice. A bill of wall-paper amounting to $540 was billed 
Dec. 15, 1907, but dated March 1, 1908. If this bill is paid 
before March 1, a discount equal to 6^ interest may be de- 
ducted. What will settle the bill Dec. 15 ? What will settle 
it Jan. 1, 1908 ? What, Feb. 1 ? 
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7. A note of 1730 to run one year, interest 6^, was discounted 
54 days before it was due, at 6^. What were the discount and 
the proceeds ? 

74. Finding the difference between dates. Bank discount is 
usually reckoned for the exact number of days a note has to 
run. This time is found by the use of a table. 

This Table shows the Number op Days from Any Day of Any Month 
TO the Same Day of Any Month not More than One Year Later. 



From 


To 
Jan. 

365 
334 
306 
275 
245 
214 
184 
153 
122 
92 
61 


Feb. 


Mar. 

59 

28 


Apr. 

90 

59 

31 

365 


May 


June 

151 
120 


July 


Aug. 

212 
181 
153 


Sept. 

243 
212 

184 


Oct. 

273 
242 
214 


Nov. 


Dec. 
334 


Jan. 


31 
365 
337 
306 
276 


120 

89 


181 
150 
122 


304 


Feb. 


273 
245 
214 


303 
275 
244 
214 
183 


March 


365 
334 
304 
273 
243 
212 
181 
151 
120 
90 


61 
30 


92 


April 


61 


91 
61 


122 


153 


183 


May 


335 


365 
334 


30 


92 

61 

31 

365 

334 

304 


123 
92 
62 

31 
365 


153 


184 


June 


245 
215 
184 
153 
123 
92 
62 


304 

274 
243 


365 


30 


122 
92 


153 


Julv 


304 


335 


365 
334 
303 


123 


153 


Aug. 


273 


304 
273 
243 


61 


92 


122 


Sept. 


212 

182 
151 


242 


30 


61 
31 


91 
61 
30 


Oct. 


212 


273 
242 
212 


335 
304 


365 


Nov. 


181 


212 


273 
243 


334 


365 


Dec. 


31 


121 


151 


182 


274 


304 


335 


365 



Example. Find the number of days from June 13 to Nov. 27 of the 
same year. 

By the table, from June 13 to Nov. 13=153 days 
From Nov. 13 to Nov. 2 7= 14 *' 

Total 167 *• 

75. Calculating interest by tables. By the use of tables, the 
computation of interest is reduced to addition. The next 
page is a specimen page from a book of interest tables. 



INTEREST TABLE. INTEREST AT 
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Da. 


$100 
0.017 


$200 


$300 
0.050 


$400 


$500 
0.083 


$600 
0.100 


$700 


$800 
0.133 


$900 
0.150 


$1000 
0.167 


Da. 


1 


0.033 


0.067 


0.117 


1 


2 


0.033 


0.067 


0.100 


0.133 


0.167 


0.200 


0.233 


0.267 


0.300 


0.333 


2 


3 


0.050 


0.100 


0.150 


0.200 


0.250 


0.300 


0.350 


0.400 


0.450 


0.500 


3 


4 


0.067 


0.133 


0.200 


0.267 


0.333 


0.400 


0.467 


0.533 


0.600 


0.667 


4 


5 


0.083 


0.167 


0.250 


0.333 


0.417 


0.500 


0.583 


0.667 


0.750 


0.833 


5 


6 


0.100 


0.200 


0.300 


0.400 


0.500 


0.600 


0.700 


0.800 


0.900 


1.000 


6 


7 


0.117 


0.233 


0.350 


0.467 


0.583 


0.700 


0.817 


0.933 


1.050 


1.167 


7 


8 


0.133 


0.267 


0.400 


0.533 


0.667 


0.800 


0.933 


1.067 


1.200 


1.333 


8 


9 


0.150 


0.300 


0.450 


0.600 


0.750 


0.900 


1.050 


1.200 


1.350 


1.500 


9 


10 


0.167 


0.333 


0.500 


0.667 


0.833 


1.000 


1.167 


1.333 


1.500 


1.667 


10 


11 


0.183 


0.367 


0.550 


0.733 


0.917 


1.100 


1.283 


1.467 


1.650 


1.833 


11 


12 


0.200 


0.400 


0.600 


0.800 


1.000 


J. 200 


1.400 


1.600 


1.800 


2.000 


12 


13 


0.217 


0.433 


0.050 


0.867 


1.083 


1.300 


1.517 


1.783 


1.950 


2.167 


13 


14 


0.233 


0.467 


0.700 


0.933 


1.167 


1.400 


1.633 


1.867 


2.100 


2.333 


14 


15 


0.250 


0.500 


0.750 


1.000 


1.250 


1.500 


1.750 


2.000 


2.250 


2.600 


15 


16 


0.267 


0.533 


0.800 


1.067 


1.333 


1.600 


1.867 


2.133 


2.400 


2.667 


16 


17 


0.283 


0.567 


0.850 


1.133 


1.417 


1.700 


1.983 


2.267 


2.550 


2.833 


17 


18 


0.300 


0.600 


0.900 


1.200 


1.500 


1.800 


2.100 


2.400 


2.700 


3.000 


18 


19 


0.317 


0.633 


0.950 


1.267 


1.583 


1.900 


2.217 


2.533 


2.850 


3.167 


19 


20 


0.333 


0.667 


1.000 


1.333 


1.667 


2.000 


2.333 


2.667 


3.000 


3.333 


20 


21 


0.350 


0.700 


1.050 


1.400 


1.750 


2.100 


2.450 


2.800 


3.150 


3.500 


21 


22 


0.367 


0.733 


1.100 


1.467 


1.833 


2.200 


2.567 


2.933 


3.300 


3.667 


22 


23 


0.383 


0.767 


1.150 


1.533 


1.917 


2.300 


2.683 


3.067 


3.450 


3.833 


23 


24 


0.400 


0.800 


1.200 


1.600 


2.000 


2.400 


2.800 


3.200 


3.600 


4.000 


24 


25 


0.417 


0.833 


1.250 


1.667 


2.083 


2.500 


2.917 


3.333 


3.750 


4.167 


25 


26 


0.433 


0.867 


1.300 


1.733 


2.167 


2.600 


3.033 


3.467 


3.900 


4.333 


26 


27 


0.450 


0.900 


1.350 


1.800 


2.250 


2.700 


3.150 


3.600 


4.050 


4.500 


27 


28 


0.467 


0.933 


1.400 


1.867 


2.333 


2.800 


3.267 


3.733 


4.200 


4.667 


28 


29 


0.483 


0.967 


1.450 


1.933 


2.417 


2.900 


3.383 


3.867 


4.350 


4.833 


29 



Mo. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



$100 



0.500 
1.000 
1.500 
2.000 
2.500 
3.000 
3.500 
4.000 
4.500 
5.000 
5.500 



200 



1.000 
2.000 
3.000 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 
11.000 



$300 



1.500 

3.000 

4.500 

6.000 

7.500 

9.000 

10.500 

12.000 

13.500 

15.000 

16.500 



$400 



2.000 

4.000 

6.000 

8.000 

10.000 

12.000 

14.000 

16.000 

18.000 

20.000 

22.000 



$500 



2.500 
5.000 
7.500 
10.000 
12.500 
15.000 
17.500 
20.000 
22.500 
25.000 
27.500 



$600 



3.000 
6.000 
9.000 
12.000 
15.000 
18.000 
21.000 
24.000 
27.000 
30.000 
33.000 



$700 $800 



3.500 

7.000 

10.500 

14.000 



4.000 

8.000 

12.000 

16.000 



17.50020.000 
21.00024.000 
24.50028.000 
28.00032.000 
31.500|36.000 
35.00040.000 
38.500!44.000 



1900 



$1000 



4.500 
9.000 
13.500 
18.000 
22.500 
27.000 
31.500 
36.000 
40.500 
45.000 
49.500 



5.000 
10.000 
15.000 
20.000 
25.000 
30.000 
35.000 
40.000 
45.000 
50.000 
55.000 



Mo. 



1 
2 
3 

4 
5 
6 

7 

8 

9 

10 

11 



Yr. 


$100 
6.00 


$200 


$300 


$400 


$500 
30.00 


$600 


$700 


$800 


$900 
54.00 


$ 1000 


Yr. 


1 


12.00 


18.00 


24.00 


86.00 


42.00 


48.00 


60.00 


1 


2 


12.00 


24.00 


36.00 


48.00 


60.00 


72.00 


84.00 


96.00 


108.00 


120.00 


2 


8 


18.00 


36.00 


54.00 


72.00 


90.00 


108.00 


126.00;i44.00 


162.00 


180.00 


8 


4 


24.00 


48.00 


72.00 


96.00 


120.00 


144.00 


168.00192.00 


216.00 


240.00 


4 


5 


30.00 


60.00 


90.00 


120.00 


150.00 


180.00 


210.00240.00 


270.00 


300.00 


5 
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Example 1. Find the bank discount on $240 at 6% from March 19, 1908» 
to July 25, 1908. 

By the tables, from March 12 to July 12 = 122 days 

From July 12 to July 25 = 18 days 

Total = 135 days, or 4 mon. 15 days. 

By the tables, Int. of $200 for 15 days = $0,500 

" •♦ 200 " 4 mon. = 4.000 
« M 40 " '• *• = 0.800 

6.40 

ExAMFLE 2. Find the bank discount on $670 at 6^ from May 18 to 
Sept. 2. 

By the tables, from May 18 to Sept. 18 = 123 days 

" Sept. 2 to " ** = 16 " 

Total 107 days, or 3 mo. 17 days 

Int. of $600 for 17 days = $1,700 
'* ** 70 ** '• *• = 0.198 
" " 600 " 3 mo. = 9.000 

« «i IJ'Q « « M = 1.050 

$11.95 
BBILIi EXEBCISE0 IN USING THE TABLES. 

£y the tables, ^find the mterest at 6^ of: 

1. $850 for 18 da. 7. $5600 for 83 da. 13. $972 for 41 da. 

2. $970 for 33 da. 8. $7200 for 91 da, 14. $895 for 111 da. 

3. $680 for 42 da. 9. $8600 for 113 da. 15. $908 for 117 da. 

4. $910 for 47 da. 10. $7840 for 69 da. 16. $675 for 175 da. 

5. $780 for 68 da. 11. $645 for 27 da. 17. S861 for 134 da. 

6. $3400 for 71 da. 12. $837 for 39 da. 18. $276 for 142 da 

Find the hanJc discount and proceeds of: 

19. $450 from Aug. 6, 1907, to Nov. 15, 1907, at 6^. 

20. $960 from Jan. 3, 1908, to June 18, 1908, at 6^. 

21. $4300 from March 18, 1908, to June 3, 1908, at 6<^. 
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22. $1850 from Oct. 1, 1907, to Jan. 19, 1908, at 6^. 

23. $3800 from Aug. 30, 1908, to Nov. 3, 1908, at 6^. 

24. $4250 from Nov. 24, 1907, to Feb. 6, 1908, at 6^. 

76. Partial payments on a note. In general, modern 
business custom will not allow an advance payment upon a 
note unless it is so stipulated in the note. Such stipulations 
are usually to the effect that such payments are to be made at 
the end of interest paying periods. There was a time, however, 
when borrowing among individuals was more common than 
now, and when the payments of interest and any other payments 
were more irregular. To govern the final settlements in such 
transactions, the United States Supreme Court decreed that 

Partial payments of notes must first he used to cancel the in^ 
terest due. Any balance remaining may be used to lessen the 
principal. If^ hoicever^ the payment is too small to pay the in- 
terest due^ the unpaid interest must not beifsedto increase the prin- 
cipaly which must never represent more than the 9noney actually 
and previously due* 

PBOBLEMS. 

1. What is due Jan. 16, 1908, on a note of $1600 drawing 
6^ interest, given May 3, 1904, the following payments having 
been made: May 3, 1905, $200; Dec. 18, 1905, $80; June 25, 
1906, $300 ; April 16, 1907, $450? 

2. What is due July 23, 1908, on a note of $2400 drawing 
h% interest, given Jan. 4, 1903, the following payments having 
been made: Sept. 4, 1903, $300; July 19, 1904, $50; Jan. 4, 
1905, $300; April 16, 1906, $250; Dec. 26, 1907, $500? 

Note. — Since the payment on July 19, 1904, was insufficient to pay the 
interest then due, the principal left on Sept 4, 1903, will have to be used 
again. Work will be saved by finding the amount from Sept. 4, 1903, to 
Jan. 4, 1905, and then deducting $350, or both payments. 
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3. A note of $3500, dated Aug. 15, 1905, interest 6^, has the 
following endorsements: Aug. 15, 1906, $500; Feb. 15, 1907, 
$100 ; July 10, 1907, $400; Dec. 15, 1907, $1500. What is due 
Aug. 15, 1908? 

4. A note of $7500, dated May 3, 1905, interest 5^, has the 
following endorsements: May 3, 1906, $2500; Aug. 3, 1906, 
$3500; Feb. 18, 1907, $50; May 3, 1907, $500. What is due 
May 3, 1908? 

77. Savings banks. A savings bank is an institution for 
receiving and investing savings. It pays interest at stated 
intervals, usually semi-annually, upon the deposits. As the 
bank's profits depend upon the difference between the rate of 
interest paid and the rate received from loans, it pays a low 
rate, usually, 3, 3| or 4^. 

78. Compound interest. When interest due at the end of 
any interest period is added to the principal and thus draws 
interest for the next interest period, and so on, we have 
compound interest. Thus, in a savings bank, the interest due 
at any interest paying date is credited to one's account and 
thus draws interest, giving compound interest, 

Note. — It is interesting and surprising to know that one cent at 10^ 
simple interest from the beginning of the Christian Era to the present time 
(1908) would amount to but $1.92 while compounded annually it would 
amount to more than $6 X 10'*. 

79. Use of compound interest. In most states the collection 
of compound interest is illegal. In modern practice, then, the 
subject is merely of use to large investors, as building and loan 
associations, life insurapce companies, banking corporations, 
etc., who wish to compute the final incomes from reinvesting 
all interest as it falls due. Such computations are made by 
the use of compound interest tables. 



A SECTION OF A COMPOUND INTEREST TABLE 
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PERIODS. 


1 per cent. 


1^ per cent. 


2 per cent. 


2| per cent. 


3 p. cent. 


PERIODS. 


1 


1.010000 


1.015000 


1.020000 


1.025000 


1.030000 


1 


2 


1.020100 


1.030225 


1.040400 


1.050625 


1.060900 


2 


8 


1.030301 


1.045678 


1.061208 


1.076891 


1.092727 


8 


4 


1.040604 


1.061364 


1.082432 


1.108813 


1.125509 


4 


5 


1.051010 


1.077284 


1.104081 


1.131408 


1.159274 


5 


6 


1.061520 


1.093443 


1.126162 


1.159693 


1.194052 


6 


7 


1.072135 


1.109845 


1.148686 


1.188686 


1.229874 


7 


8 


1.082857 


1.126493 


1.171660 


1.218403 


1.266770 


8 


9 


1.093685 


1.143390 


1.195093 


1.248863 


1.304773 


9 


10 


1.104622 


1.160541 


1.218994 


1.280085 


1.343916 


10 


11 


1.115668 


1.177949 


1.243374 


1.312087 


1.384234 


11 


12 


1.126825 


1.195618 


1.268242 


1.344889 


1.425761 


12 


13 


1.138093 


1.213552 


1.293607 


1.378511 


1.468534 


13 


14 


1.149474 


1.231756 


1.319479 


1.412974 


1.512590 


14 


15 


1.160969 


1.250232 


1.345868 


1.448298 


1.557967 


15 


16 


1.172579 


1.268985 


1.372786 


1.484506 


1.604706 


16 


17 


1.184304 


1.288020 


1.400241 


1.521618 


1.652847 


17 


18 


1.196147 


1.307341 


1.428246 


1.559659 


1.702433 


18 


19 


1.208109 


1.326951 


1.456811 


1.598650 


1.753506 


19 


20 


1.220190 


1.346855 


1.485947 


1.638616 


1.806111 


20 



PERIODS. 


3i per cent. 


4 per cent. 


4| per cent. 


5 per cent. 


6 p. cent. 


PERIODS. 


1 


1.035000 


1.040000 


1.045000 


1.050000 


1.060000 


1 


2 


1.071225 


1.081600 


1.092025 


1.102500 


1.123600 


2 


8 


1.108718 


1.124864 


1.141166 


1.157625 


1.191016 


3 


4 


1.147523 


1.169859 


1.192518 


1.215506 


1.262477 


4 


5 


1.187686 


1.216653 


1.246181 


1.276281 


1.338226 


5 


6 


1.229255 


1.265319 


1.302260 


1.340096 


1.418519 


6 


7 


1.272279 


1.315932 


1.360861 


1.407100 


1.503630 


7 


8 


1.316809 


1.368569 


1.422100 


1.477455 


1.593848 


8 


9 


1.362900 


1.423312 


1.486095 


1.551328 


1.689479 


9 


10 


1.410600 


1.480244 


1.552969 


1.628895 


1.790848 


10 


11 


1.459970 


1,539454 


1.622853 


1.710339 


1.898299 


11 


12 


1.511069 


1.601032 


1.695881 


1.795856 


2.012197 


12 


13 


1.563956 


1.665074 


1.772196 


1.885649 


2.132928 


13 


14 


1.618695 


1.731676 


1.851945 


1.979931 


2.260904 


14 


15 


1.675348 


1.800944 


1.935282 


2.078928 


2.396558 


15 


16 


1.733986 


1.872981 


2.022370 


2.182875 


2.540351 


16 


17 


1.794676 


1.947901 


2.113376 


2.292018 


2.692773 


17 


18 


1.857489 


2.025817 


2.208478 


2.406619 


2.854339 


18 


19 


1.922501 


2.106849 


2.307860 


2.526950 


3.025600 


19 


20 


1.989789 


2.191123 


2.411714 


2.653298 


3.207136 


20 
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PROBLEMS. 

1. If a man deposits 1500 semi-annually in a savings bank, 
what amount will he have to his credit at the end of 5 years, 
payable semi-annually, interest 3^? 

SOLUTION. 

81.015000 X 600 Explanation— This mte is U^ for 10 

1.080225 X 500 
1.045678 X 500 periods. The last deposit draws interest 

1.061364 X 500 * i, . • a ^ a .^. ^u 

1.077284 X 500 '°^ ^^* ®°® penod of 6 months ; the next 

1*109845 X 500 ^^^ ^ periods, and so on to 10 periods. 

1.1 26493 X 500 Work is saved by adding before multiply. 

1.148390X500 4 i, kha 

1.160541X500 ingby500. 



$10.868263 X 500 = $5431.63 

2. How much can one accumulate in 10 years by depositing 
$800 annually, interest 4^, compounded annually ? 

3. To what will an annual payment of $564 for 10 years 
amount, interest 3 J^, compounded annually? 

4. What may one draw at the end of 10 years if he regularly 
deposits $400 semi-annually in a savings bank paying 4j^, pay- 
able semi-annually ? 

6. If one can invest $600 yearly from his salary where it 
will yield him 6^ yearly, and can keep all the interest invested 
at the same rate as fast as it accrues, how much can he ac- 
cumulate in 20 years ? 

6. On his sixth birthday and on each succeeding birthday 
including his 21st, a man gave his son $100, which together 
with the interest, was kept in a savings bank paying 4^ in- 
terest, annually. How much had the young man to his credit 
from this source on his 21st birthday ? 

80. Stock investments. Another way to invest one's money 
is in stock in some corporation. 

81. A corporation consists of a number of individuals united 
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in one body or company, and empowered to act in a certain 
capacity, or to transact business of some form or nature. A 
stock corporation is a corporation the ownership of whose stock 
is divided into shares. A municipal corporation is a corporation 
organized for the purpose of local government, as a city or 
town. 

82. A stock certificate is a formal statement issued by a cor- 
poration stating the number of shares of stock of which the 
holder is owner. 

A STOCK CERTIFICATE. 



No.^^ -^^ Shares 

Incorporated under the Law$ of tlie State 
of Michigan. 

ACME PORTLAND CEMfeNT COMPANY 

Jackson, Mich, '^' ^' ^^' 

This certifies that ^- ^ *Jiaion jg tjjg owner of '^^ shares, 
of One Hundred Dollars each, of the capital stock of the Acme Portland 
Cement Company. 

Transferable only on the books of the company in person or by 
attorney upon surrender of this certificate. 

Secretary. President. 



83« Par value. The value of each share of stock as named 
in the certificate is the par value. The par value is determined 
by the corporation, and depends upon the number of shares 
into which it seems desirable to divide the stock. 

Thus, if the capital stock of a corporation is $100,000 and there are 
1000 shares, the par value of each share is $100. If there are 2000 shares 
in the corporation, the par value of each is $50. 

84. The market value of stock does not depend upon the 
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par value, but upon the earnings of the company. The market 
quotations are for a par value of $100. 

Thus, C. & N. W. quoted at 134f means that stock whose par value is 
$100 is selling for $184.75. 

8B. Dividends. The earninga of a corporation that are 
divided among its stockholders are called the dividends. 

86. Kinds of stock* Two kinds of stock are issued, common 
stock and preferred stock. The rate of dividends of the preferred 
stock (usually from 6^ to 7^) is fixed by the corporation^ 
before the stock is sold. The dividends of the preferred stock 
are paid from the earnings before those on the common stock 
are paid. After the dividends on the preferred stock are paid, 
a part or all of the remainder of the net earnings is divided 
among the holders of the common stock as a certain per cent 
of the par value of the stock held. 

87. Buying stock. There are two classes of buyers of stock, 
viz^ the investor who buys stock and holds it for the dividends 
that it yields, and the speculator who buys expecting the price 
to advance so that he may sell at a profit. 

When buying as an inveatmenty one must bear in mind that there is an 
element of uncertainty as to the dividends that will be declared upon 
stock ; and also that stock is subject to great fluctuations in the market. 
It is not, then, a desirable form of investment for one whose support 
depends entirely upon the income, or for the trustee of an estate that is to 
provide a regular stated income. (See table on next page.) 

88. A stock broker. In general, one wanting to buy stock 
in a particular corporation does not know who has it for sale, 
or if he wishes to sell, does not know of a buyer ; hence, he has 
to buy or sell through an agent called a stock broker^ who 
usually belongs to an association called a stock exchange. 
The broker usually gets | ^ of the par value for buying, and 
the same for selling. 
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The following Table will show some Fluctuations op the Market: 

Railroad Stocks. 



Name op the Stock 


Highest 

price 
in 1906 


Highest 

price 

in 1907 


Closing price 

Nov. 23, 

1907 


Closing price 

Dec. 24. 

1907 


Closing price 

Jan. 27, 

1908 


Closing price 

Feb. 22. 

1908 


Closing price 

March 13, 

1908 


Last Annual 
Dividend 


Atchison. . . . 


llOi 


108ir 


70i 


70^ 


72i 


68i 


7U 


H 


Baltimore «& Ohio. 


125^ 


122 


78f 


82 


87i 


79f 


80* 


6^ 


Chi. M. & St. P. 


1991 


157i 


971 


103 


1121 


108f 


116 


7^ 


Great Northern. . 


848 


1891 


113f 


115 


122 


118 


121 


7^ 


Reading. . . . 


164 


139i 


811 


92f 


lOU 


95i 


102J 


4^ 


Union Pacific. . 


195i 


183 


112i 


1161 


122J 


116f 


122 


10^ 



Industrial Stocks. 



Am. Sugar (com.) 


157 


137i 


1031 


98f 


113i 


112i 


118 


7^ 


U. S. Steel (com.) 


50i 


50| 


24 


25f 


28f 


28f 


32| 


2^ 


U. S. Steel (pfd.) 


113i 


1071^ 


81i 


87f 


92 


92f 


95| 


7^ 



89. The problems in buying and selling stock are very 
simple when one understands the meanings of all the terms 
involved. The two most important problems are : 

(1) Stock bought at one price and sold at another is a gain or 
loss of how much? 

(2) Stock bought at a certain price and paying a certain 
dimdend yields what per cent on the investment? 

ORAL FBOBLEMS. 

1. Stock quoted at 135^, if bought through a broker, will co^^t 
how much per $100 share ? What will 10 shares cost? 
Note. — Always consider brokerage ^% of the par value. 
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2. When stock is quoted at 86f , what will a $100 share cost 
if bought through a broker ? What will a $50 share cost ? 
What will a $500 share cost ? 

3* How much money will I receive for each $100 share of 
stock sold through a broker at 163| ? How much will I receive 
for 10 such shares? What will the broker get for his work? 

4. If I buy stock at 143 J and sell it at 160|, both transactions 
through a broker, what will I make on each $100 share ? How 
much will I make on 10 such shares? 

5. If a corporation whose capital stock is $100,000 divides 
$6000 among its stockholders, what is the rate of dividend? 
What will a man receive who has $1000 of. this stock? 

6« $50,000 of the $250,000 capital stock of a company is 
preferred stock, paying 7^, The remainder is common stock. 
If $19,500 is divided among the stockholders, what rate of 
dividend is declared upon the common stock ? What does a 
holder of $2500 of the common stock receive? 

7. If I own 20 $100-share8 of stock in a corporation, and a 
10^ dividend is declared, how much will I receive? 

8. If I own 10 $1000-8hares of stock, and a b^ quarterly 
dividend is declared, what do I receive each quarter? What 
do I receive in a year ? 

9. If I receive $400 as my 8^ dividend from a certain stock, 
how many $100 shares have I? What did they cost me, if 
bought through a broker, when quoted at 119|? 

10. If my 4|^ dividend is $90, how many $100 shares have 
I? What can I realize by selling it through a broker, when 
quoted at 92^ ? 

11. If I buy stock quoted at 199|, through a broker, and 
receive a 20^ annual dividend, what per cent of my invest- 
ment is this ? How much better is this investment than money 
loaned at 6j^ interest? 
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18. When stock bought through a broker, at 49|, pays a 4j6 
annual dividend, to what rate of interest is it equivalent? 

13. What can I afford to pay for stock paying a 12^ annual 
dividend, to receive 6^ on my investment? If lean afford 
to pay but $200 for a $100-share, at what market quotation 
must I buy through a broker to make this ? 

14. If my 5^ quarterly dividend on some stock is $250, how 
many $l00-shares have I ? 

16. If I buy stock at 11 9 1, through a broker, receive a 15^ 
dividend, and sell in one year for 125^, through a broker, how 
much have I invested per share, and what have I really gained ? 
What per cent of my investment is my gain? How much 
better is this than 6^ interest ? 

16. What does one really lose, besides the interest on his 
money, by buying at 149^, and selling at 80|, after receiving 5 
annual 12^ dividends ? If money is worth 5^ interest, what 
is the total loss ? 

17. My broker, after deducting his brokerage of J^, remitted 
$7,412.50 from a sale of 100 shares of stock. At what price did 
he sell the stock ? 

18. My broker bought 20 shares of stock for me. The total 
cost, including his commission, was $1,640. What was the 
market price of the stock ? 

WRITTEN FBOBLSMS. 

(Use the data in the table on page 83 for Problems 1-15.) 
Note. — Consider brokerage \% of the par value on each transaction. 

1. What would 40 shares of Atchison have cost in 1906 ? 
What would it have brought in the market Dec. 24, 1907 ? 
What would have been the net loss, had one annual dividend 
been received ? 

2. What would C. M. & St. P. yield at the last rate of 
dividend, if bought in 1906? (That is, what per cent of 199f+ J 
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is 7 ?) What would the same stock yield if bought Jan. 27, 
1908? 

3. Observing the tables, show why dealing in stocks is more 
a speculation than an investment. 

4. Find the gain in buying 50 shares of Reading on Nov. 23, 
and selling them March 13. 

6. Find the net loss in buying 50 shares of Great Northern 
in 1906, and selling them, Dec. 24, 1907, one dividend having 
been received. 

6-15. From the daily quotations (found in your newspaper) 
find the gain or loss from an investment in 50 shares of each 
of the stocks quoted on page 83 bought, Feb. 22, 1908, and sold 
at the time you are studying this. 

16. Find the per cent of rise or decline, month by month, in 
any of the following stocks, as your teacher may direct. 



Stocks. 


O OS 

^^ 
24| 
23i 
61 

m 

20f 
44i 

lU 

211 


CO* 00 

is 

3H 

301 
8 
17 
251 
45f 
151 
261 


CO 00 

-si 

291 

291 

5 

15 

221 
42 

lU 

28 


^00 

feos 

27 
26f 
4 
13 
18 
311 

111 

281 


Stocks. 


75f 

931 

1071 

89 

1001 

1031 

701 

791 


821 
1051 
118 

921 
1201 

nil 

99 

89 


•* 

CO 00 

^^ 

83 

llU 

1201 

96f 

1231 

nil 

lOOf 
92| 


Mar. 3, 
1908 


Am. C. & F. . 


B. (feO. . . . 


791 


C. & 0. . . . 


Ch. M. & St. P. 


1091 


Ch. & G. W. . 


Gt. N. pf. . . 


1171 


Erie 


K Y. Cent. . 


941 


M. K. & T. . . 


N. P. ... 


121i 


Mo. P. . . . 


Penn. . . . 


112^ 


K. I 


Reading. . . 


95| 


U. S. Steel. , . 


U. S. St. pf. . 


92f 



17. Make the same sort of comparisons with the market 
prices at the time you are studying this. 
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18. A man bought 40 shares of L. & N. stock at 156 J, and 
received an annual dividend of 10^. What was the total 
amount of the investment? What was the annual dividend? 
To what rate of interest is it equivalent ? 

19. On May 13, 1906, a man bought 30 shares of Cent, of 
N. J. at 239|. He received two 8^ dividends, and sold Dec. 13, 
1907, at 158^. What was the total loss, counting money worth 
6^ interest ? 

20. On May 5, 1905, 1 bought 50 shares of N". Y. Central stock 
at 143, received an %% dividend, and sold Jan. 5, 1906, for 156J. 
What was my net gain, money being worth 5^ ? If I had not 
sold until Dec. 5, 1907, 1 should have received another dividend 
of 6^ and sold for 92|. What would have been my net 
loss? 

21. In 1900, 1 bought 60 shares of stock at 119|, which paid 
me thrcQ 10^ dividends. In 1903, 1 sold it for 75^ and invested 
in stock at 59|, which is now (1908) worth 80|^, and has paid 
me four 5^ dividends. What has been my average yearly rate 
of gain or loss on my investment ? 

22. A man bought 40 shares of C. M. & St. P. stock in 1901 
at 162. If he has received a yearly dividend of 12^ for 6 years, 
and is compelled to sell in 1907 at 103|^, how much does he 
lose? (Consider that the investment has run 6 years and that 
money is worth 5^ simple interest.) 

90. Bond investments. It has been seen that when an in- 
dividual borrows money from another individual, or from a 
bank, the borrower gives the one of whom the money is 
borrowed a written promise to pay at some fixed time. This 
is a promissory note. When a corporation, municipality, or 
government wishes to borrow money, instead of finding a 
lender and giving a note for the sum borrowed, it issues 
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interest- bearing notes called bonds. These are put on sale, 
and anyone having money to lend or invest may buy them. 

While the denomination of the standard bonds is usually 
$500 or $1000, the market quotation is per $100. 

A bond, then, is merely a written agreement to pay a certain 
sum within a certain time, and to pay a fixed rate of interest. 
The bonds of a stock corporation are secured by a mortgage on 
the property of the company. The bonds of a city, county, 
state, or national government, cannot be secured by a mortgage, 
of course ; but since they are paid by a tax, they are considered 
the safest kind of bonds. 

91- A registered bond is a bond registered in the holder's 
name on the books of the authority issuing it. When the 
interest is due, it is sent direct to the holder. 

92. A coupon bond is a bond that has as many coupons, or 
dated certificates, attached as there are interest payments to be 
made. Such coupons, upon maturity, become independent 
demands, and may be detached from the bonds and collected 
personally or through a bank, just as any other kind of demand. 

93. Bonds as an investment. Bonds are usually bought for 
the interest they yield and not for a rise in value. Tax bonds, 
as city, county, state, or government bonds, and also first mort- 
gage railroad or industrial bonds, where the corporation is 
earning a reasonable per cent of its capitalization, are conserv- 
ative investments. Such securities, on account of their safety, 
find a ready sale at a comparatively low rate of interest. 
However, one dependent upon the income from his investments 
for his support should select such bonds in preference to 
stocks. 
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The following tcbble 8how8 the stability of bonds and tJie rates of interest : * 

RAILROAD BONDS. 



Name of Bond 


Range 

in 

1907 


Last 

sale in 

1907 


Rate 
of 

interest 


Date 

of 

maturity- 


Atchison E. Okla. 


93-91 


93 


4^ 


March 1928 


Baltimore & Ohio 


105J 105| 


105J 


5% 


Feb. 1919 


Chi. Mil. & St. P. 


1051-104 


104 


H 


Jan. 1910 


111. Cent. 


102f-102S 


102f 


H 


Dec. 1950 


N. Y. Cent. 


lOOJ-lOOJ 


100^ 


H 


Jan. 1940 


Northern Pac. 


95i-95f 


95| 


H 


Dec. 1996 



ORAL FKOBLEMS. 

1. When bonds are quoted at 97|, whnt will a $1000 bond 
cost, if bought through a broker ? What is it worth when due ? 

2. A corporation is bonded for $200,000. The bonds bear 
4^^ interest. What yearly interest does the corporation pay ? 

3. What income will one receive yearly from six $500 5^ 
bonds ? 

4. A $30 coupon was detached from a 6^ bond, being the 
interest for one year. What was the face of the bond? 

5. How many $1000 4^ bonds are necessary to yield an 
annual income of $1200 ? 

6. When one buys 5 per cent 3-year bonds at 96|, brokerage 
^^, what does he make besides the interest if he holds them until 
maturity ? 

Note. — ^Notice that 3-year bonds costing 97 mature in 3 years at $3 on 
the $100 more than they cost. This is an average of $1 per year on each 

* It must not be thought from this selected list of 1st mortgage railroad 
bonds, that all bonds are equally stable. The earnings of a corporation may 
be such that even their bonds are not desirable securities, and the price falls. 
Industrial bonds usually fluctuate more thau railroad or tax bonds. 
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$100 besides the $5 interest. Hence, from an investment of $97 the average 
yearly income is $6. These bonds then, yield 6Jf ^ annually. In practice 
this would more likely be expressed as " nearly 6.186^,'* instead of by the 
common fraction. 

This method is not quite accurate, but it gives the approximate yield. 
Why? 

7. Certain 3-year 5^ bonds, in which the makers of the bonds 
held the option of maturing them at 101 in 2 years, were ad- 
vertised by a broker at 97. The broker explained that these 
bonds held to maturity would yield over 6^, and if matured in 
2 years, would yield over 7^. Explain why this is true. 

8. What is the average yearly income per $100, on 4^ 10-year 
bonds bought at 79 J and brokerage ? To what rate of interest 
is this equivalent? 

9. Which would you prefer, 5^ bonds bought at 90, to mature 
in 6 years, or bought at 80 to mature in 20 years ? 

WRITTEN PROBLEMS. 

Note. — Consider brokerage \% of the par value in each transaction. 

1. In Jan., 1908, American Tel. & Teleg. Co. 5s, due in 1910, 
sold for 92^. What rate of interest will they yield, if held till 
maturity ? 

Suggestion. These bonds cost, including brokerage, |92.625 per $100. 
In 3 years they mature for $7,375 per $100 more than they cost. This 
makes an approximate yearly income of ^.6875 on an investment of $92,625. 

2. In Feb., 1908, Mich. Cent. 5s, due in Feb. 1910, sold at 96. 
What rate of interest will they yield, if bought and held till 
maturity? 

3. Lake Shore & Mich. Southern 4s, due in" 1931, could be 
bought in 1908 for 85. At this price, what would they yield the 
investor ? 

Note. — The method of Problem 1 gives a yearly average of $0.6467 
from the increased value of the bonds at maturity. Since the time to run 
is so long, 23 years, this is much too large, i. e., this sum deposited yearly 
at even a low rate of interest, compounded annually, will amount to much 
more than $14,875. 
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$1 deposited annually, at 4% compound interest for 23 years, will amount 
to $38.08 (see § 94). Hence, fil4.875 -f- 38.08, or $0.3906, yearly for 23 yrs., 
will amount to the increased value of the bonds at maturity. Hence, the 
maturity value adds but $0.3906 yearly to the regular interest. This is the 
method used when the exact yield is required. 

When the time is short, the first method gives a close approximate 
yield. 

4. Which is better and how much, D. & H. 4s at 92| or C. & 
N. W. 6s at 114|, brokerage |, if both are due in 10 years? 

Note. — Make use of compound interest at 4% and find the exact yield. 

5. Milwaukee Electric Ry. 4i^ bonds, due Jan., 1931, subject 
to call at 108 after Jan., 1916, can be bought in Jan., 1908 at 95. 
What is the approximate yield if held to maturity ? What is 
the approximate yield if called Jan., 1916, at 108 ? 

6. In 1908 a man bought, through a broker, the following 
bonds : 

A SIOOO New York City 4^^ bond, due in 1917 at 102| ; 
A $1000 Milwaukee 3|-^ bond, due in 1921 at 92 J ; and 
A $500 Rock Island 4^ bond, due in 1919 at 96J. 
Find the total investment ; the total yearly income ; the ap- 
proximate yield of each bond if held to maturity. 

7. In 1904 C. R. I. & P. 4s sold for 105. In 1908 they 
dropped to 87. Find the net loss of a man who bought two 
$1000 bonds in 1904 and sold them in 1908, not regarding 
interest on his money. Find the net loss considering money 
worth 4^ compound interest. 

94. Accumulative bonds. The accumulative bond method 
of investment offers an opportunity for one to invest small 
regular incomes in order to secure a larger sum. These bonds 
mature^ or become due, when a series of equal reguhir payments 
amount, with a fixed rate of interest compounded regularly, 
to th^ face of the bond. 

Thus, a $100P 10-year ^% accumulative bond is sold for a regular yearly 
(or any other period agreed upon) payment. The sum of these ten (in case 
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they are yearly) payments, together with the compound interest at Q% that 
has accrued upon each at the time of settlement, amounts to §1000 at the 
end of 10 years. The bond then has matured or becomes dvs. 

Note. — Instead of using the compound interest tables as in Ex. 1, § 79, 
time is saved in the problems of this section, by using the following table 
which shows the sum to which $1, paid at the beginning of each year, will 
increase in any number of years from 1 to 40. 



Yr 

1 


^% 


1 


^% 


Krf 
O/o 


Q% 


Yr 

1 


1.0300 


1.0350 


1.0400 


1.0500 


1.0600 


2 


2.0909 


2.1062 


2.1216 


2.1525 


2.1836 


2 


8 


8.1836 


8.2149 


8.2465 


3.3101 


8.3746 


8 


4 


4.3091 


4.3625 


4.4163 


4.5236 


4.6.371 


4 


5 
G 


5.4684 


5.5502 


5.6330 


5.8019 


5.9753 


5 
6 


6.6625 


6.7791 


6.8983 


7. 1420 


7.3938 


7 


7.89213 


8.0517 


8.2142 


8.5491 


8.8975 


7- 


8 


9.1591 


9.3685 


9.5828 


10.0266 


10.4913 


8 


9 


10.4639 


10.7314 


11.0061 


11.5779 


12.1808 


9 


10 
11 


11.8078 


12.1420 


12.4864 


13.2068 


13.9716 


10 
11 


13.1Uao 


13.6020 


14.0258 


14.9171 


15.8699 


12 


14.6178 


15.1130 


15.6268 


16.7130 


17.8826 


12 


13 


16.0863 


16.6770 


17.2919 


18.5986 


20.0151 


13 


14 


17.5989 


18.2057 


19.0236 


20.5786 


22.2760 


14 


15 
16 


19.1569 


19.9710 


20.8245 


22.6575 


24.6705 


15 
16 


20.7616 


21.7050 


22.6975 


24.8404 


27.2129 


17 


22.4144 


23.4997 


24.6454 


27.1324 


29.9057 


17 


18 


24.1169 


25.3.578 


26.6712 


29.5390 


32.7600 


18 


19 


25.8704 


27.2797 


28.7781 


82.0660 


85.7856 


19 


20 
21 


27.6765 


29.2695 


30.9602 


34.7193 


38.9927 


20 
21 


29.5368 


31.3?iy0 


33.2480 


37.5052 


42.3923 


22 


81.4529 


33.4604 


35.6179 


40.4.305 


45.9958 


22 


23 


83.4265 


85.6(565 


38.0826 


43.5020 


49.8156 


23 


24 


35.4593 


37.9499 


40.6459 


46.7271 


53.8645 


24 


25 

2t) 


87.5530 


40.3131 


43.3117 


50.1135 


58.1564 


25 
26 


39.7U96 


43.7591 


40.0842 


53.6961 


62.7058 


27 


41.9309 


45.2906 


48.9676 


57.4026 


67.5281 


27 


28 


44.2188 


47.9108 


51.9663 


61.3227 


72.6398 


28 


29 


46.5754 


50.6227 


55.0849 


65.4388 


78.0582 


29 


80 
31 


49.0027 


53.4295 


58.3283 


69.7608 


83.8017 


80 
31 


5l.50;.'8 


56.3345 


61.7U15 


74.2988 


89.8898 


82 


54.0778 


59.3412 


65.2095 


79.06:38 


96.3432 


82 


83 


56.7302 


62.4532 


68.8,579 


84.0670 


103.1838 


83 


34 


59.4621 


65.6740 


72.6522 


89.3203 


110.4348 


34 


35 
3U 


62.2719 


69.0076 


76.5983 


94.8363 


118.1209 


35 
36 


65.1742 


72.4579 


80.7022 


100.6281 


126.2681 


37 


68.1594 


76.0289 


84.9703 


106.7095 


134.9042 


87 


88 


71.2342 


79.7249 


89.4091 


113.0950 


144.0.585 


88 


39 


74.4013 


83.5503 


94.0255 


119.7998 


153.7620 


89 


40 


77.6633 


87.5095 


98.8265 


126.8398 


164.0477 


40 



PBOBLEMS. 

1. The Amer- 
ican Real Estate 
Co. of New York 
sells a $1000 10- 
year 6;^ accumu- 
lative bond for 
$71.57 yearly. 
Will this sum 
yearly amount 
to $1000 in 10 
years at 6^ com- 
pounded yearly ? 

2. A $1000 20- 
year accumula- 
tive bond sells 
for $25.66 yearly. 
Is this 6^ com- 
pound interest? 

3. What could 
you afford to pay 
yearly for a 
$4000 10->^ar5^ 
accumulative 



bond, interest compounded annually ? 
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4. What could you afford to pay yearly for a $5000 15-year 
6^ accumulative bond, interest to be compounded annually ? 

5. Find the semi-annual payments that a corporation must 
charge upon a $1000 10-year 6^ accumulative bond, interest to 
be compoundecj semi-annually. 

6. A man 40 years old can take out a $1000 15-year endow- 
ment insurance policy for $63.23, payable annually. This same 
payment made upon a 6^ accumulative bond would amount to 
what in the same time ? 

7. If a man can begin investing $500 annually at 6^ when 25 
years of age and continue it until he is 60, keeping all interest 
re-invested as it accrues, what will he have accumulated ? Find 
the annual income from this accumulation if invested in 4^ 
bonds at 98. 

8. Suppose that one invests $200 yearly at 6^ from age 20 
to 30 ; $500 annually from 30 to 40 ; and $800 annually from 
40 to 50. Keeping all interest re-invested what will he have 
accumulated at 50 ? What annual income may be received 
from this if invested in 5^ bonds at 102 ? 

95. Building and loan associations. The primary object of 
a building and loan association is to afford its members a means 
of investing their savings weekly or monthly at a fair rate of 
interest,^ and to loan its members funds for building purposes 
that may be repaid by weekly or monthly installments. 

Such associations usually issue stock in $100 shares. These 
shares are said to matxire when the weekly or monthly pay- 
ments, called diiea^ together with the earnings, usually called 
dividends, are equal to $100. 

I. The earnings of the association largely consist of the 
interest from loans made to its members. In some associations, 
however, one who wishes to borrow a sum of money offers a 
premium in order to get it, since there may be a greater demand . 
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for a loan than there is cash on hand. Again, there 2iTe fines 
for failure to pay the dues at the proper time. 

There is also a gain from another source to those who keep 
up their payments until their stock matures ; viz : one with- 
drawing his stock before it matures usually receives back the 
payments made, with interest upon the same for a rate less than 
the real earnings. 

In general, then, the gains of the association are from (1) 
Interest on loans ; (2) Premiums paid for loans ; (3) Fines for 
delinquency in payment of dues ; (4) Profits from icithdrawals. 

TI. The dividends or earnings are credited to the stockholders 
at regular periods, usually twice a year. These dividends are 
usually reckoned at a rate of interest, say 6^ or 7^, depending 
upon the earnings, on the various amounts paid in. 

Thus, if a man paying $10 monthly had a credit of $156 when receiving 
his last credit of dividends, and has paid in $10 monthly for 6 mouths, he 
receives interest on §156 for 6 months, $10 for 5 months, $10 for 4 mouths, 
and so on. The interest for these amounts at 6^ would be respectively 
$4.68, $0.25, $0.20, $0.15, $0.10 and $0.05, or a total of $5.43,. now giving 
him a credit of §221.43 toward maturing his stock. 

PROBLEMS. 

1. If a man wishes to borrow $4000 from a building and loan 
association, he takes $4000 of its stock and pays dues until the 
stock matures, and this cancels the indebtedness. If he pays $40 
per month, part of this pays the interest at 6^ on the $4000 that 
he owes the association and the remainder is used as dues to 
mature the stock. How much of the $40 is needed to pay 6^ 
interest on $4000 ? How much is left as monthly dues ? Find 
how long it wall take to mature the stock if the earnings are 
sufficient to pay 7^ interest, credited semi-annually. Suppose 
that he made his first payment upon an interest or dividend 
paying dat^. 
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Suggestion. $20 of the $40-payment are dues. When the first interest 
period occurs he should have had §20 drawing interest for 6 months, the 
same for 5 months, and so on to §20 for 1 month. This amounts to $122.45, 
which, together with his monthly payment, gives $142.45 that draws in- 
terest for 6 months before the next interest period. Compute, in this way, 
until the amount equals $4000 and count the lime that elapses. 

2. Suppose that a man, after paying $25 monthly for 5 years, 
withdraws from a B. & L. association and receives all money 
paid in, together with 6^ interest. What does the association 
gain from this withdrawal, the dividends being 7^ credited 
semi-annually ? 

3. Instead of borrowing money with which to build a home, 
a man matures 20 $100 shares of B. & L. stock by paying $20 
monthly. How long will it take this stock to mature if the 
dividends are 8^, credited semi-annually? 

4. How long will it take for a $25 monthly payment to 
mature 50 $100 shares at a 7^ dividend credited semi-annually ? 

96. Life insurance. Life insurance, and especially endow- 
ment insurance^ may be considered a form of investment. 
A life insurance policy is a contract whereby one party for a 
stipulated sum, called a premium, agrees to pay a given sum or 
sums to the heirs of the second party (the insured) or to some 
other person or persons designated by the second party, at his 
death. 

97. Endowment insurance is a form of life insurance wherein 
the insurer agrees to pay the insured the whole amount named 
in the policy if he survives beyond a specified date, or to pay 
it to his heirs or to any other person designated if he dies before 
this date. 

98. The elements of a premium. The annual net or mathe- 
matical premium is a sum which, if annually invested at a fixed 
rate of compound interest, will amount to a sum suflBcient to 



96 SECONDARY ARITHMETIC 

pay all obligations of the contract. This amount is determined 
by a given mortality table. The gross premium, or the premium 
actually collected by the insurance company, is the net premium 
plus a fixed per cent of the net premium which has been 
added to meet the expenses of the management. This part 
which is added to the net premium is called the expense loading. 

99. Mortality tables. A mortality table shows the number 
of persons out of a certain number of a given age that die during 
the year and during each succeeding year thereafter. These 
tables are made up from actual experience extending over a 
long period of years. The Ainericaii 3Iortality Tables are 
compiled from the experience of the New York Mutual Life 
Insurance Company. 

100. The reserve. The annual premium at'any age is not 
only a sum to meet the expenses of the management and the 
death claims, called mortality cost, of the current year (com- 
puted according to mortality tables) but also a sura which, 
from this and succeeding premiums, will, at a fixed rate of 
compound interest (usually 3^ or 3^^), mature the policy in a 
given time. This is called the reserve. The reserve, then, 
matures the policy just as the payments on an accumulative 
bond or the dues of a building and loan association mature the 
bond or the stock. 

It is evident that the rate of mortality cost at emy given age 
is the same whatever kind of policy is considered. Then an 
endowment policy must charge a sum in excess of the mortality 
cost and expense loading that will mature the policy in the 
given time at the given rate of interest. 

101. The surrender value of a policy. It has been seen 
that the reserve is a part of each premium that goes to create 
a fund which in a given time amounts to the face of the policy. 
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The reserve, then, at any time, rejilly belongs to the policy- 
holder. The company will, upon the surrender of the policy 
(their contract), give the holder a cash payment which is prac- 
tically the reserve on the policy. This is called the cash sur- 
render value of the policy. 

102. The surplus. There are three main sources of surplus 
in a life insurance company, viz: (1) A saving from the eonpense 
loading in a premium, for most companies provide for a greater 
expense than is actually used. (2) Saving in mortality cost, 
for by using care in selecting risks, the actual mortality is 
usually less than the expected mortality upon which the 
premiums were based. (3) The interest earned on the reserve 
fund in excess of the rate assumed in computing it, for just as a 
savings bank that pays 3^ or 3^^ upon the deposits receives a 
rate in excess of 'this, so a life insurance company usually 
earns more than the rate upon which the reserve element of 
the premium was computed. 

103. The dividends. That part of the surplus which is 
distributed among the policy-holders is called the dividend. It 
is reckoned as a per cent of the total reserve of the company. 
Each policy-holder, then, receives this per cent of the reserve 
that is credited to his policy. 

Those policies whose policy-holders receive a dividend are 
called participating-policies. All others are non-participating. 
Since the holders of non-participating policies do not receive a 
dividend, they pay a smaller premium. 

104. The problems of insurance. The computation of pay- 
ments, etc., upon the various policies is done by an actuary. 
Such computations are too difficult for elementary mathematics. 
There are problems, however, that arise in the minds of the 
buyers of insurance that should be understood by every one. 
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PROBLEMS. 

1. A life insiii-ance company has a membership of 81,822, 
each insured for $1000» Premiums are collected at the 
beginning of the year. The compaii}' ex|)ects that, during the 
year, 732 members will die, and their claims must be paid at 
the end of the year. If the company earns 4^ on the premiums 
collected, how nmch must it charge each of its members at the 
beginning of the year in ordcir to meet its losses? 

2. The net annual premium of an ordinary life policy at age 
20, on a 3^ reserve, based uix)n the American Mortality Tables, 
is $14.41 per $1000. What premium does a company collect 
that has a 25;^ expense loading? What is the annual premium 
in such a company upon a $7500 policy ? 

3. On a 3J^ reserve basis, the 7iet annual premium per $1000, 
age 30, is $17.19. A certain company sells a non-participating 
policy at this age for $20.20. What is their per cent of 
expense loading ? To what sum will the loading amount in 40 
years at 3J^ compound interest, i, e., if the man lives until he 
is 70, what has he contributed to the expenses of the company ? 

4. On a 3.^^ reserve basis, the net premium per $1000, age 25, 
is $15.10. With a 25;^ expense loading, what will a company 
collect yearly on a $5000 policy ? 

6. The gross premium of a certain insurance company, at 
age 35, is $26.35. The net premium, on a S^ reserve basis, is 
$21.08. This company spends 86^ of its loadings. What is its 
per cent of expense loading? What per cent of its gross 
premiums are its actual expenses ? 

6. The reserve at the end of 1 year from a payment of $20.14, 
age 25, 3^ reserve, loading 25;^, is $8.60. How much of the 
premium was estimated for mortality cost ? 

Suggestion.— The premium is paid in advance. Hence the $8.60 is the 
amount of the reserve at Q% for 1 year. 
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7. Mr. Allen, at the age of 30, insured his life for $1000 on 
the ordinary Life plan, premium $21.95. Mr. Brown, also age 
30, deposited $21.95 annually in the Savings Bank at 3^ 
compound interest. Both died at age 38. Which investment 
proved the more profitable ? How much was the difference ? 

Make a comparison if both die at age 48. At age 58. At 
age 68. 

8. At age 42, a man took out an $8000, 20-payment, non- 
participating policy at $37.20 per $1000. If he dies at 64 (22 
years after making the first payment), compare the amount left 
his estate with that of the amount of these premiums at b^ 
interest compounded annuallJ^ 

9. In 1892, a man took out a $10,000, 15-year endowment 
policy which cost him $56 per $1000 yearly. To what would 
his total payments have amounted at 3^ compounded annually ? 
How much more would he have had in 1907 when the policy 
was paid, had the money been in the bank drawing 3^ interest 
compounded annually ? What then did his protection really 
cost him ? 

10. If a man, age 45, takes out a $10,000 ordinary life policy 
for $33.32 per $1000, and dies after having made 11 payments, 
compare the amount left his estate with the amount of these 
payments at 5^ interest compounded annually. (Suppose that 
he dies 10^ years after making the first payment.) 

11. A man, age 35, took out a $1000, 25-year endowment, 
annual premium $39.97 (net premium $33.18 + $6.79 loading). 
At the beginning of the 10th year he has a reserve credit of 
$297.50. How much of his 10th premium is credited to reserve ? 
The mortality cost for the current year is $10.83 per $1000. 

Suggestion. Since the reserve lessens the actual risk of the company, 
their risk, at this time, is but $1000-$297.50. 

1 2. In Example 11, the insured had a reserve credit of $297.60 
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at the beginning of the 10th ye«ir, and it was found that 125.57 
was to be credited from his 10th premium. At 3^ interest, 
what is his reserve credit at the end of the 10th year ? What 
should be the surrender value of his policy at that time ? 

13. An $8000, 15year endowment policy, at age 40, costs 
annually $63.23 per $1000. The annual premium would buy a 
5^ 15-year accumulative bond of what size? 

14. A man insured for $1000 at age 30 on the 20-year en- 
dowment plan, paying an annual premium of $43.07. At the 
end of 20 years he was paid $1000 in cash. If he had deposited 
the amount of his premium annually for twenty years in the 
savings bank at 3% compound interest, how much would he have 
had to his credit ? On that basis, what was the expense to him 
for the risk of insurance ? 

15. A man, age 41, took a $10,000 ordinary life participating 
policy at $32.02 per $1000, the yearly dividends to be applied to 
his premiums. At the end of the 3rd year his reserve credit is 
$409.40. If the company declares a 4^ dividend, how much 
will it reduce his 4th premium? 

If his reserve at the end of the 10th year is $1790 and a 4^ 
dividend is declared, what is his 11th premium? 

If his reserve at the end of the 15th year is $2897 and a b^ 
dividend is declared, what is his 16th premium? 

16. A man, age 38, took out a $15,000 ordinary life policy, 
annual premium $25.78 per $1000. If he dies after making the 
12th payment, how much more has he left his estate than he 
would have left it by investing the premiums at 4^ interest 
compounded annually ? 

17. A man, age 40, can take non-participating ordinary life 
for $27.62 annually per $1000. If he takes a $15,000 policy and 
dies at 55 (having paid 15 premiums), how much more does he 
leave his estate than he would have left it by putting these 
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payments into a savings bank at 4^, credited annually ? Com- 
pare the amount left if he dies at 65 with the amount of the 
premiums at 4^ compounded annually.^ Compare the two 
amounts if he lives to be 75. 

18. A man, at age 39, may carry ordinary non-participating 
life for $26.68 per $1000, or 10-payment life for $53.57. At 
the end of 10 years the surrender value of the first is $160.25 
per $1000, that of the other $415.30. He wishes to know 
whether to take $2000 of the first or $1000 of the second. If 
he has to surrender his policy at the end of 10 years, show the 
actual cost of the extra protection if he takes the first. 



CHAPTER IV. 
CANCELLING INDEBTEDNESS. 

105. Paying at a distance. If one wishes to pay a bill iu 
some other city, he may express the money to the party to 
whom the bill is payable ; he may put the money in an ordinary 
package and mail it; or he may send it by registered mail. 
These methods, however, are not the common ways of cancelling 
indebtedness. 

106. Exchange. Debts are more often cancelled without 
sending the actual money, but by sending postal or express 
money orders^ checks^ or drafts. This method is called exchange, 

107. Postal or express money orders. The postal service 
and some express companies keep large sums in many offices. 
A postmaster or express agent can write an order directing the 
postmaster or express agent at another office to pay a sum of 
money to any person you may name. For this, you pay the sum 
named in the order together with a small fee of from 3c. to 30c., 
no matter what the distance ; or, if you send to a foreign 
country the fee is from 10c. to II. This fee is the cost of 
exchange. 

Note. Postoflfice orders are payable at an office named; express orders 
at any office of the same company. 

102 
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. . 3c 


Over $30.00 to $40.00 . . . 


. 15c 


c . 5c 


Over 40.00 to 50 00 . . . 


, 18c 


. . 8c 


Over 60.00 to 60.00 . . . 


, 20c 


. . 10c 


Over 60.00 to 75.00 . . . 


25c 


. . 13c 


Over 75.00 to 100.00 . ^ . 


30c 



The charges for postal or express money orders payable in the United 
States are as follows: 
Not over |2.50 . 

Over $2.50 to 5.00 . 
Over 5.00 to 10.00 . 
Over 10.00 to 20.00 . 
Over 20.00 to 30.00 . 

Note. The maximum amount for which a single postal money order 
may be issued is $100. 

108. Checks. One having money on deposit in a bank may 
issue an order upon the bank to pay a sum (not exceeding the 
deposit) to any person he may indicate. This order is called a 
check. The following is a common form : 



Ypsilanti, Mich., ^ne J^, V^S. No. ^2M3. 
THE FIBST NATIONAL BANK OF YPSILANTI 

Pay to 5/tmmotis ^ .A^iUtm or order f 98,^0 

*Ame^u-€^^ afu/ ^ Dollars. 



^acon. 



Banks usually charge a small fee, called exchange^ for collect- 
ing a personal check upon a bank in some other city. For this 
reason it is hardly considered business courtesy to send a 
personal check to cancel indebtedness. Checks are usually 
used only in one's own city. 

109. Drafts. A bank keeps a deposit in some bank, called a 
correspondence bank, in one or more of the large commercial 
centers. To cancel a debt in some other city, one usually gets 
his bank to issue an order on its correspondence bank to pay 
him a certain amount. This order is called a draft. A draft, 
then, is like a check except that it is the order of the cashier of a 
bank drawn on some other bank. A draft will be taken by a 
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bank anywhere at par. That is, a bank makes no charge for 
collection, but pays the bearer the full amount of the order. 
The usual form of a draft is as follows : 



/JBM. Albany. N. Y., ^^ <f, 19^J'. 

TENTH NATIONAL BANK 

Pay to the order of J^»? ^ ^ 

^a>o Aofu/f^ iMT^u-^mf^ and j^ , Dollars. 

To the Farmers* National Bank, 

Syracuse, N. Y. ^,^ JL/lL^. 

Cashier. 



110. Cost of a draft. When selling drafts, banks are order- 
ing paid out the money they have on deposit in the banks of 
these large commercial centers. This would soon exhaust 
their balances at these banks and thus require the large expense 
of frequent transfers of large amounts of actual money, were it 
not for the fact that they are also constantly buying drafts on 
other banks, and thus paying out money for drafts which they 
mail to the banks upon which they issue drafts. In this way 
they keep up their deposits without often having to actually 
send money when the accounts between these banks are 
regularly balanced. As there must always be a balance in 
favor of the bank upon which the drafts are drawn, the loss of 
interest and the necessary oflBce expenses make it necessary for 
banks to charge a small fee above the actual face of the drafts 
say 10 cents for sums less than $100, 25 cents for sums from 
$100 to $500, etc. This is cedled ?i premium. The premium 
upon large drafts is usually some small per cent of the face of 
the draft. 

Note. — The rate of exchange is not at all uniform among banks. 
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111. Indorsements. In buying a draft, one usually has it 
made out to himself, then, across the back of it, he writes an 
order for it to be paid to the party that he wishes to have 

. collect the money. 

Thus, if D. E. Cole wishes to pay a sum to Robt. Smith, he will buy a 
draft payable to D. E. Cole, then across the back, write "pay to Robt. 
Smith, or order, D. E. Cole." This is called an Indorsement, This is an 
" indorsement in full." If Mr. Cole merely signs his name, or " indorses 
in blank," any one having the draft in his possession may collect it. If 
Mr. Cole wishes, he may have the draft made out directly to Robt. Smith, 
in which case, of course, it will need no indorsement. The former method, 
liowever, is the usual one, for in effect it is a receipt for the payment for 
it shows of whom Robt. Smith received the payment. 

112. Commercial drafts. Instead of the debtor sending the 
creditor a draft, as in the last article, the creditor may draw 
upon the debtor directly by a draft; This form of draft is 
called a commercial draft. 

Thus, suppose Haines & Co., of Topeka. have bought goods of S. T. 
Richards & Co., of Chicago, and have not paid the bill when due. say 80 or 
60 days after the goods were bought. Richards & Co. may make out a 
draft as follows and deposit it with their bank in Chicago for collection. 



No. MffS. Chicago, 111., ^^^ e, 19^<f. 

At sight pay to the order of 

tyns CfiolB iJuanK o/ ^nictiM F^^ 

:^&n4/re^ 3^^.e^ unJ ^ c Dollars. 

To J&e«i ^ ^^., 



The Chicago bank now sends this draft to some bank in Topeka. The 
Topeka bank sends a messenger to Haines & Co. and presents the draft foi 
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payment. If collected, the Topeka bank sends the money, or its equivalent, 
to the State Bank of Chicago. This bank notifies S. T. Richards & Co. and 
places the amount, less a small fee for collection, to their credit. 

In case Haines & Co. refuse to pay it, the draft is returned to the State 
Bank of Chicago and Richards & Co. are notified. They must now take 
other means of collecting. 

I. Sight and time drafts. The form shown above is that of a 
sight draft. If " Thirty days after date," or some other time 
is written in place of " At sight," the draft becomes a time draft. 
It is tlie custom of some houses to sell goods to be paid in 30, 
60, or 90 days and at once deposit with their bank a time draft 
for the payment. To draw upon one by a draft does not imply 
that this is a means of forcing collection but it is merely a con- 
venience. 

Had a time draft been presented to Haines & Co., they would have 
either written across the face, ** accepted," with the date, and the firm's 
signature, or they would have refused to pay it. 

When a time draft is accepted it then has the same force as 
a promissory note owned by the payee and may be discounted 
at a bank as any promissory note. 

II. An arrival draft. Some merchants ship their goods 
subject to their own order. The shipper receives a bill of lading 
(that is, an acknowledgment of the receipt of goods for trans- 
portation) from the freight agent of the transportation company 
that is to carry the goods. This, properly endorsed, becomes 
an order upon the agent at their destination to deliver the goods 
to the party named. This bill of lading is attached to an 
arrival draft and deposited by the shipper at his bank. This 
bank, through its correspondence bank, sends the draft to a 
bank in the city to which the goods are sent. Upon the arrival 
of the goods, the one who has bought them is notified and pays 
the draft and receives the bill of lading, which must be 
presented before the transportation company will deliver the 
goods. 
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The following forms show an invoice sent to the buyer and 
the draft which is sent with the bill of lading. 

INVOICE. 

Ypsilanti, Mich., March 24, 1908. 
£. B. Hodges & Co., 

Norfolk, Va. 

Bought of MARTIN DAWSON 
Via M. C. & N. & W. 

To Norfolk, Va. Hay, Grain and Seeds. 

Car M. C. No. 42829. 



164 bales, 22445 lb. No. 1 Timothy at $11.75 

f. o. b. Ypsilanti 
Arrival Draft 
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DRAFT. 



1181.86 Ypsilanti, Mich., March 24. 1908. 

On arrival M. C. & N. & W. car No. 42829 pay to the 

Order of Ypsilanti Savings Bank 

One hundred thirty -one and ^^jf Dollars 

Value received, and charge the same to account of 

To E. B. Hodges & Co., 

Norfolk, Va. Martin. Dawson 



PROBLEMS. 

1. In the check on page 103, who receive the $98.20? 

2. Who pays it to them ? Whose money is the bank paying 
out? 

3. What indorsement will be necessary before the bank pays 
the check ? 
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4. In the draft on page 104, tell of what bank Matthews is 
cashier. 

5. Where is the draft payable ? To whom ? 

6. In what way may Howe & Co. make it payable to another 
party? 

7. If Howe & Co. are going to mail this draft to E. L. Harris 
& Co., how should it be indorsed ? Why is it better for Howe 
& Co. to "indorse in full," than merely to sign their name across 
the back ? 

8. If Howe & Co. prefer, they may have the draft made 
payable directly to E. L. Harris & Co. Which do you think 
would be the better plan ? 

9. Suppose the draft on page 105 to have been a 60-day 
time draft and to have been accepted May 10. What is the day 
of maturity and how long has the draft to run before due ? 

10. If sold on the day of acceptance at 6^ discount, what are 
the proceeds ? (Remember that when accepted it is practically 
a promissory note.) 

11. The bank at Topeka will likely charge a small fee for 
collecting the draft. If they charge \% (of the face of the draft) 
for collecting (exchange) and discount it on the day it is bought, 
what shall they remit the State Bank at Chicago ? 

12. F. Alton of New Orleans draws at sight on F. Fay of 
Waco, Tex., Aug. 3, 1907, for $500. Make the draft. 

13. Suppose the debt not due till Nov. 1. Make a proper 
time draft dated Aug. 3. 

14. If discounted Aug. 18, the proceeds would be what? 

16. If discounted Aug. 3, less an additional ^^ for exchange, 
the proceeds would be what? 

16. A Charleston bank buys a draft on Richmond for $2100, 
charging \^ for exchange. If it had taken the draft for col- 
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lection only, the charge would have been 25ct. To the makei 
what is the difference in money ? In which case is payment 
made more quickly? 

17. Write a draft of which you are the maker, your teacher 
the payee, and a neighboring bank the drawee. 

18. Suppose that you bought of E. L. Holman & Co. a bill of 
hardware as follows : 

26 doz. axes at $4.80 ; 32 doz. files at $1.20 ; 36 doz. &aws at 
$3.40. Discounts 40^ and 10^. Terms : 2^ discount for cash in 
10 days ; net 60 days. 

Make out a bill for this, showing the net cash price. Send a 
draft in payment. What is the face of the draft ? Where will 
you get it ? To whom will you have it payable ? If made 
payable to yourself, how will you indorse it before sending it? 

19. F. R. Smith & Sons bought of J. L. Morris & Co. the 
following : 

2 safes at $12.50 ; 3 arm-chairs at $9.00 ; 2 rockers, leather, 
at $25 ; 1 couch at $8 ; 3 couches at $6.50 ; 2 rockers at $9. 
Terms, net 60 days. 

Make out the proper bill finding the price in 60 days. Pay 
with a 60-day note without interest. Suppose that Morris & 
Co. receive the note and discount it 5 days after date. What 
are the proceeds? Who gets it? Who gets the discount? 
What indorsement is necessary before selling the note ? What 
obligation is assumed when one indorses a note ? 

20. Suppose you bought of M. E. Dawson & Co. the following : 

4 kitchen cabinets at $13.25 ; 3 kitchen cabinets at $15.25; 
and 1 kitchen cabinet at $17.75. Terms : 2^ off for cash in 10 
days ; net 30 days. 

Make out the proper bill. Find the net cash price. Send 
them your check for the payment. What will Dawson Sd Co. do 
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with this check when they receive it? What will a postal 
money order to settle the bill cost ? 

21. A. L. Morgan of Salem, 111., bought of Reed, Murdock & 
Co., Chicago, the following : 

86 lb. tea at 43 ct. ; 280 lb. coffee at 28 ct. ; 250 1:. . prunes at 
11^ ct. ; 116 lb. raisins at 14 ct. ; 144 cans salmon at 15 ct. ; 
86 lb. apricots at 18 ct. Terms : 60 days net ; 2^ off for cash 
in 10 days. 

Make out the proper bill if not paid for 60 days. At the end 
of 60 days the firm draws a sight draft on Morgan. Make out 
the proper form. What would Reed, Murdock & Co. do with 
this draft? What then becomes of it ? 

22. R. L. Stevens & Sons sold to J. H. Boyce the following 
on 90 days time, drawing a 90-day draft on Boyce when the 
goods are billed : 

2 rockers at $13.50 ; 1 rocker at 18.25 ; 2 Morris chairs at 
$15.00 ; 3 chairs at $3.75 ; 1 hall tree at $11.50 ; 1 hall tree at 
$13.75. Terms, net 90 days. 

Make out the proper bill ; the proper draft. The draft is 
" accepted " and discounted at 6^ in 5 days fr^m date. How 
much do Steven & Sons really get in cash for the goods ? 

23. I. C. Carpenter bought of The Van Cleve Glass Co. the 
following : 

3 boxes 7x9, single, at $26.75 ; 5 boxes 10x14, single, at 
$28.25; 2 boxes 16x20, single, at $30.00; 5 boxes 12x20, 
single, at $28.00 ; 6 boxes 18x24, single, at $31.75. Discounts 
85^ and 10^. Terms : 60 days net or 2^ off in 10 days. 

Write out a check for the cash payment. How much more 
would the Glass Co. receive by taking a 60-day note without 
interest and discounting at a bank at 6^, 10 days from the date 
of the bill ? 



Part III 

ADVANCED PROCESSES, WITH APPLICATIONS TO 

MENSURATION AND SCIENCE 



CHAPTER I. 
APPROXIMATE NUMBERS. ABRIDGED PROCESSES. 

113. Approximate numbers. The nuiLuers resulting from 
measurements are, in general, not exact integral numbers, nor 
even exact fractions, but approximations. Common fractions 
whose denominators have any factor except 2's or 5's cannot be 
expressed as terminating decimal fractions, but we may express 
the value decimally to any degree of accuracy that we wish ; 
that is, to tenths, hundredths, etc. A root of a number, too, 
cannot, in general, be definitely found, but we may get as close 
an approximation as we wish. 

Thus, i=.166 , f =.285 i/2=1.414 , and i/3=1.732 

These are numbers that never terminate, but they may be carried out to 
any desired degree of accuracy. 

In most of the problems of Part III of this book, we are 
dealing with approximations instead of exact numbers. 

114. Operations with approximate numbers. In working 
with approximate numbers, the results can seldom be depended 
upon to a degree of accuracy equal to that of the numbers in- 
volved. Hence, in solving a practical lyrohlem^ it is a waste oj 
time to carry out worJc to a denomiiiation smaller than that in 
which the data is expressed. 

Ill 
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Thus, if the approximate edge of a cube is 8.1 in., when the .1 merely 
denotes that the edge is nearer 8.1 than it is to 8 or 8.2, the volume is not 
8.1x8.1x8.1, or 531.441, a number expressed to the third decimal. This 
is shown by marking the numbers that are in doubt. 

Work. Explanation. Since .1 is but an approximate 

« - number, and may stand for .05 or nearly .15, we are 

g 1 manifestly in doubt about each number in full-faced 

8 1 type. In fact, we are not sure of the correctness of 

^8 the next figure to the left of each figure so marked. 

65.6 1 (Why ?) In this case, then, it is absolutely wrong to 

— ^gg^ express the answer to the third decimal place. In fact, 

52488 the 1 in one's place is in doubt, and the nearest approx- 

531.441 imation we can give safely is 530. 

115. Abridged processes. If the data upon which a problem 
is founded is given in approximate numbers, or if for any other 
reason the result is wanted merely to a. certain approximation, 
the work of multiplication and division may generally be saved 
by an abridgment. This is best shown by examples. 

Example 1. Find the product of 84.265 by 3. 141G to the second decimal 
place. 

Abridged Work. Complete Work. 

84.265 84.265 

3.1416 3. 1416 

102.795 205590 

8.4265 84265 

1.3706 137060 

842 84265 

205 102795 



107.65 107.6469240 

Explanation. In the abridged work, it is usually more convenient to 
multiply by the highest number of the multiplier first. Since the result is 
to be to the nearest 2nd decimal, four decimals are kept in the partial 
products in order to get accurately the number to " caiTy " to the column 
whose sum is desired. If great care is used in expressing the right hand 
figure of each partial product, but one more place than the number wanted 
in the complete product is needed. 
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Example 2. Find the quotient of 26.843 divided by 3.1416, to the 
second decimal place. 

Abridged Work. Complete Work. 

8.54 8.54 

3.W;^)26.843 3.1416)26.8430 

25.13 25.1328 

1 71020 
1 57080 



171 
157 


• 14 
13 



1 39400 
125664 



18786 
Explanation. Multiplying a dividend by a number has the same effect 
upon the quotient as dividing the divisor by that number. Also, to 
** bring down" a figure is equivalent to multiplying the remainder by 10 
and adding that number, and to "cut off" a figure from the divisor is 
equivalent to subtracting that number and dividing by 10. Then, evidently 
one may ** cut off" a figure from the divisor instead of ''bringing down" 
one from the dividend, without having much effect upon the quotient. 
(What is the difference?) In the work above, 16 was cut off before 
beginning the division, for it was at once evident that only three figures 
were required in the answer. The 4 of the divisor was cut off before the 
second division, then the 1 to its left before the third division. 

EXERCISES. 
Find the products^ approximated to tenths^ in the following : 

1. 34.6x38.42. 6. 26.83x3.1416. 

2. 9.862x84.52. 7. 879.6x1.732, 

3. 62.96x3.141. 8. 89.07x1.414. 

4. 8.695x6.843. 9. 32.61x4.208. 

5. 36.81X49.62. 10. 396.2x16.84. 

Find the quotients^ approximated to tenths^ in the following : 

11. 96.285--43.265. 16. 3--.0562. 

12. 396.28-f-3.1416. 17. 8-f-1.065. 

13. 84.305--9.6281. 18. 14--3..346. 

14. 1.4260~.06345. 19. 256--3.1416. 

15. 32.465--.13462. 20. 85-f-1.732. 



CHAPTER II. 
POWERS AND ROOTS. 

116. Powers. The numbers whose product is a given 
number are its factors. 

Thus, the factors of 42 are 2, 3, and 7, since 2 X 3 X 7 = 42. What are 
the factors of 20 ? 

If all of the factors of a number are equal, the number is 
called a power of one of the factors. 

Thus, since 8 = 2x2x2, 8 is a power of 2. 9 is a power of what? 
125 of what? 

For brevity a power is usually written in a special form. 

Only one of the factors is written, and a small number, called an 

exponent, is placed to the right and slightly above this factor 

to indicate how many times it is to be used. 

Thus, 8, or 2x2x2, is written 28. And 81, or 3x3x3x3, is 
written 3*. What is the meaning of 5^ ? Of 11» ? 

Different powers are given special names, according to the 
number of factors, or, what is the same thing, the exponent. 

Thus, 3® is read '*3 to the second power," or *'3 square ;" 
3^* is read " 3 to the third power," or '* 3 cube ; " 
3* is read ** 3 to the fourth power ; " 
S*^ is read ** 3 to the fifth power ; '* etc. 

117. Roots. One of the equal factors of a number is called a 
root of it. 

Thus, since 64 = 4x4x4, 4isa root of 64. What is a root of 9 ? Of 
27 ? Of 125 ? We see, then, that that number which, when raised to a 
power, gives a given number is a root of the given number. Since 7* = 49, 
7 is a root of 49. 

114 
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If the root is one of the 2 equal factors, it is the square root; 
if one of the 3 equiil factors, it is the cube root ; if one of the 4 
equal factors, it is i\\Q fourth root ; etc. 

Thus, 2 is the square root of 4, the cube root of 8, the sixth root of 64, etc. 
Likewise, 5 is t\\Q fourth root of 625. 

The root of a number is usually indicated by placing before 

it the sign y^, called the radical sign. 

Thus, the cube root of 343 is written ]/ 343 ; the fourth root of 81 is 
written ]/81; etc. 

The number in small type written above the radical sign is 
called the index of the root, and tells what root it is, that is, 
determines the order of the root. If it is the square root, the 
index is omitted. 

Thus, v^64, 1/64, 1/64, are the square root, cube root, and fourth root, 
respective! 3% of 64. 

118. Finding the roots of a number. It follows from the 
definition of a root that : 

To find a required root of a number^ factor it into as many 

equal factors as the order of the root requires^ and take one of them. 

Thus, to obtain the cube root of 1728, we have 1728=12x12x12. 



Hence, i7l728=12. 

ORAL EXEBCISES. 

Find the following indicated roots : 



1. 1/9. 8. i/64. 16. y 64. 22. i/900. 29. i/M. 

2. 1/25: 9. i/IOO: 16. i^^IOOO". 23. ^/gOOO*. 30. i/MF. 



3. 1/8I. 10. i7125. 17. 1/225: 24. i/2025. 31. ^/MK 

4. 1/27: 11. 1/2167 18. y'bU. 25. 1/7297 32.^^17728: 
6. v^64: 12. y'ST. 19. i/122^ 26. v 2567 33. y 7729. 
6. i/36. 13. k32. 20. ylMK 27. 1/7017 34. i^.OOOT 



7. 1/49. 14. 1^^343. 21. 1/1024. 28. i/1.44. 35. 1/. 00032. 
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119. Roots of common fractions. Since |x|xfxf=|f, 



Vil=|. Since (iy=j%^, VyVT^f ^^^ ^^ general, a root 
of a fraction is obtained by finding the roots of its numerator 
and denominator for the numerator and denominator, re- 
spectively, of the root. This may be expressed thus : 

ORAL EXERCISES. 

J^Hnd the roots as indicated: 

1. i/f 6. i/^ 11. F^ifF- !«• V't^- 

2- V7^. 7. ^/^. 12. y'^. 17. v"^ 

3. i/^ 8. v-^: 13. i/|f 18. i>^ 



4- l/H. 9. 1/tIt- !*• Vt^- 19- l/lM- 



S.-ST^ 4e 4/ — STi «/> »/ 



5. -/i-VV 10. 1/ff 15. [^-tAVtt- 20. i/3|. 

120. Second method of finding roots. The method of finding 
roots by factoring is often impracticable. A second method is 
here given for finding square and cube roots. There are similar 
methods for fourth roots, fifth roots, etc., but these are so long 
and tedious that they are not used to-day in practical life.' Such 
roots are easily obtained by logarithms, as shown in the next 
chapter. Even square and cube roots are much more easily 
found by logarithms. 

121. Square root. The squares of the numbers 1, 2, 3, 9, 10, 

are 1, 4, 9, 81, 100, respectively. Hence, the square root of an integer 

of one or two figures is a number of one figure. 

The squares of 10, 11, 99, 100, are 100, 121, 9801, 10000, re- 
spectively. Hence, the square root of an integer of three or four figures is 
a number of two figures. 

Likewise, the square root of an integer of five or six figures is a number 
of thj^ee figures, and so on. 
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Therefore, if the figures of an integer are marked off from 
right to left in grovps of two^ the niimher of figures in the square 
root loill be equal to the number of groups, any one figure re- 
maining on the left being counted as a group. 

Thus, marked off into groups, 26244 becomes 2'62'44'. Hence, i/26244 
will contain three figures. 

If the square root of a number contains two figures, we may 
denote the tens of the root by a and the ones by b. Hence, the 
root will be represented by a-\-b. Then it is shown in algebra 
that (a + 5)*=a*4-2a^4-&*. Hence the given number will be 
represented by a*+2aft + ^*. 

E, g., 35=30+5. Here, a=30 and 6=5. Then, 85»=30»-h2x30x5-f 
5»=900+800+25=1225. 

The use of the formula \/a^-\-^ab-\-b^=a-^b in finding square 
roots is best shown by examples. For a fuller treatment of the 
subject, the student is referred to the Stone-Millis Essentials of 
Algebra, Appendix. 

ExAATPLB 1. Find the square root of 2116. 

Pointing off, we have 2ri6'. Hence, the root contains two figures. 
Since 40* is less than 2116, and 50* is greater than 2116, the root must lie 
between 40 and 60; i. e., the tens* figure of the root is 4, the square root of 
tJie largest square in the left-hand group of tJie given number. Hence, in the 
above formula, a denotes 4 tens, or 40. The work may be performed as 
follows: 

a+b 
21'16'(40-f6=46, root 
«•= 16 00 



2a =80 
2a+b=8Q 
2ab-hb*= 



5 16 =2ab+b^ 
516 



Explanation. Since a=40, a* =1600. Subtracting 1600, the rewaiTwf^r 
is 516, represented by 2a6+6*. Now since tens are much larger relatively 
than 07ies, the part 2ad of the remainder is much larger than 6*. Hence, b, 
the ones^ figure, may be found approximately by dividing the remainder 
by 2a, or twice the oot found, 2a is called the trial divisor, and becomes 
80. Dividing 516 by 80 gives approximately 6. Hence b is probably ft 
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Adding this to the trial divisor gives the complete divisor 2a+6, wlnchis86. 
Multiplying 86 by 6 gives 516, represented by 2a-b+b^, Subtracting this 
from 616, the first remainder, leaves zero. Hence, 40+6, or 46, is the 
square root. 

j5y similar reasonhig^ it will he seen that when the root is a 
number of three figures^ the first two may he found as ahove ; 
then the numher which they form may he used as one, and the 
third figure found hy are2yetition of the process used to ohtain 
the second. Thus the process may he extended to any numher of 
figures. 

Note. — In practice, after learning the process, the student may omit 
writing the formulae in the work, and use the abbreviated form shown in 
the next example. 

Example 2. Find the square root of 138384. 

Pointing off, we have 13'83'84'. Hence, there are three figures in the 
root. 

13^83^84') 300 + 70 + 2 = 372, root 

9 00 00 
600 .4 83 84 
670 4 69 00 



740 
742 



14 84 
14 84 



Explanation. The largest square in 13 is 9. Hence the hundreds part 
of the root is 300. Subtracting 90000 leaves 48384. The first trial divisor 
is 2 X 300, or 600. Dividing 48384 by 600 gives approximately 70. Adding 
70 to 600 gives 670, the complete divisor. Multiplying this by 70 gives 
46900 ; and subtracting 46900 from 48384 leaves 1484 for second 
remainder. Now adding 300 and 70, and multiplying by 2, gives 740 for 
the second trial divisor. Dividing 1484 by 740 gives approximately 2, the 
third figure in the root. Hence, the second complete divisor is 742. Mul- 
tiplying this by 2, we get 1484, and subtracting this from the second 
remainder leaves 0. Hence, the required root is 372. 

In extracting square roots of decimals, use is made of the 

principle that 

When the square root of a numher has decimal places^ the 
numher itself has twice as many. 
Thus, .4« = .16, .252 = .0625. .125* = .015625. 
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Therefore, to mark off a number which contains decimal places^ 
begin at the decimal point and mark both to the left and to the 
rights putting two figures in each group. 

If necessary, a cipher may be annexed to the decimal to 
make a full period. 
E. g., 723.618 will become 7'23'.61'80'. 

Example 8. Find the square root of 50.9796. 

50' .97'96 )7.00 4- .10 -I- .04 = 7.14, root 
49 .00 00 



14.00 
14.10 



1 .97 96 
1. 4100 



14.20 
14.24 



.56 96 
.56 96 



An approximation to the value of the square root of a number 
which is not a perfect square may be obtained to any degree of 
accuracy desired. Most problems In square root met in prac- 
tical life are those in which only approximate values of the 
roots can be found. 

ExAMFLB 4. Find to three decimal places the square root of 2. 

Since we want three decimal places, it is convenient to annex 6 cipUers, 
The work is as follows : 

2'.00'00'00 U + .4+.01 + . 004 = 1. 414 
1 .00 00 00 



2.000 
2.400 



1 .00 00 00 
.96 00 00 



2.800 
2.810 



.04 00 00 
.02 81 00 



2.820 
2.824 



.01 19 00 
.01 12 96 



.00 06 04 

In practice, the student will soon learn to omit the ciphers in the 
calculation. 

If both terms of a common fraction are not perfect squares, 
so that its square root may not be obUiined as in § 119, the 
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fraction may first be reduced to the decimal form, then the 
square root of this decimal extracted. 

* Thus. \/l = 1/ J= .774 -f . 

Or the fraction may be reduced to an equal fraction whose 
denominator is a square number. 

Thus, i/i - yi = ii/2=i of 1.4142 + =.707 +. 

EXERCISES. 

Extract the square root of: 

1. 784 5. 5329. 9. 173056. 13. 146.41. 17. 2611.21. 

2. 1849. 6. 6724. 10. 492804. 14. 12.8881. 18. .026244. 

3. 3969. 7. 54756. 11. 34225. 16. 125.44. 19. .055696. 

4. 1521. 8, 41209 12. 12.25. 16. 4.6225. 20. .00174724. 

Find to three decimal places the square root of: 

21. 3. 

22. 5. 

23. 12. 

24. 7. 

122. Cube root. This method of finding cube root is so 
little used in practical life that it is not worth while to study it 
if one understands the use of logarithms. It is placed here for 
those who wish to take it and who will omit the next chapter. 
The method is as follows : 

The cubes of the numbers 1, 2, 8, 9, 10, are 1, 8, 27, 729, 

1000, respectively. Hence, the cube root of an integer of (me, tioo or three 
figures is a number of one figure. 

The cubes of the numbers 10, 11, 99, 100, are 1000, 1831, .... -970290, 

1000000, respectively. Hence, the cube root of an integer of four, five or 
8tx figures is a number of two figures. 

Likewise, the cube root of an integer of seven, eight or nine figures is 8 
number of three figures. And so on. 



25. 


2. 


29. 35. 


33. J. 


37. A. 


41- rb- 


26. 


.31. 


30. 1,04. 


34. f 


38. A 


42. if. 


27. 


6.2. 


31. |. 


35. ^. 


39. H- 


43.^. 


28. 


.06. 


32. I 


36. f. 


40. ^7. 


44.^ 
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Therefore, if the figures of an integer are marked off from rinht to left in 
groups of three^ t?te number of figures in the cube root will be equal to the 
mimber of groups, on€ or two figures remaining on the left being counted as a 
group. 

Thus, marked off into groups, 2515456 becomes 2'515'456'. Since there 
are three groups, the cube root of 2515456 will contain three figures, i. e., 
ones, tens and hundreds. 

If the cube root of a number be a number of two figures, we may denote 
the tens of the root by a and Ihe ones by b, and hence, represent the root by 
a+b. It is shown in algebra that (a-+-&)^=a^+3a26+3a6*H-53. Hence, the 

given number is represented by a^+3rt*6+3«6*4-5^ 

Therefore, the cube root of the number may be obtained by use of the 
identity 

^a^+U'^b+^ab^+b^=a+h. 
The process is best shown by an example. 

Example. Find the cube root of 39304. 

Pointing off, we have 39'304'. Henc^i, the root will be a number of two 
figures. Since 30* is less than 39304, and 40^ is greater than 39304, the root 
lies between 30 and 40; i. e., the tens' figure of the root is 3, ths cube root 
of the greatest cube in the lefi'lutnd group of the given number. Therefore, 
in the above identity a denotes 3 tens, or 30. 

The work is then performed as follows: 



39804' 

«»= 27 000 



a+b 
30+4=84, root 



3«2r=2700 

8a»+3a6-f-&2_8076 
W^b+^ab^+l^= 



12304 
12304 



Since a=30, a»=27000. Subtracting 27000 leaves 12804. The trial 
divisor, 3a^ becomes 2700. Dividing 12304 by 2700 gives approximately 
4. Hence, b is probably 4. The complete divisor, 3a*+3ai+6^, becomes 
3076. Multiplying 8076 by 4 gives 12304. Subtracting this from the first 
remainder leaves 0. Hence, 80+4, or 34, is the required root. 

When the root is a number of three figures the first two may be found as 
above; then their sum may be used as one number, and ths third obtained by 
a repetition of the process used to obtain the second. And so on. 

The cube root cf a deciiaal fraction. For reasons similar to those given in 
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To mark off a number which contains a decimal, begin at the decimal point 
and mark to tJie left and to the right, putting three figures in each group. 

If necessary, ciphers may be annexed to the right of the decimal point. 

An approximate value of the cube root of a number which is not a perfect 
cube may be obtained to any required degree of accuracy. 

Note. — a and a' denote the part of the root found, b and b' denote each 
new term. 

Example. Find the cube root of 1860.867. 

1 '860'. 867' i 10. +2. +.3=12.3, root 

1 000^. 

860.867 



a^= 



3a2=300. 
8aa4-3rt^>+6«=364. 

Sa^b+Sab*-hb^= 



728. 



3a* =^432. 
3a'«4-3a'6-4-6'»=442.89 



132.867 
132.867 



EXERCISES. 

Find the cube root of: 

I. 103823. 2. 2744. 3. 15625. 4. 148877. 
6. 340068392. 7. 523606616. 8. 59.319. 9. 328.509. 

Mild to two decimal places the cube root of : 

II. 2. 12. 10. 18. 106 14. 3.7. 



6. 571787. 
10. 41.063625 

16. .15. 



CHAPTER III. 
LOGARITHMS. 

123. Logarithms. In practical computation, extensive use 

is made of numbers called logarithms. By their Use multipli- 
cation may be performed by a single addition, division by a 
single subtraction, the power of a number obtained by a single 
multiplication, and the root of a number by a single division. 

Note. — Since the subject of logarithms is merely to give a method of 
computation that will save much work, it may be omitted from short 
courses or by those who prefer to compute by the methods already given. 

The logarithm of a number is the exponent which indicates 
the power to which another number must be raised to produce 
that number. The number which is raised to the power is 
called the base of the logarithm. 

Thus, since 2* = 8, 3 is a logarithm of 8, and 2 the base. This is expressed 
by logsS — 3, Since 10* = 100, 2 is the logarithm of 100 to the base 10. 
This relation is expressed by logiol00 = 2. Likewise, log5625 is read 
*• logarithm of 625 to the base 5," and equals 4, because 5* = 625. 

In general, if a" = b^ then n is the logarithm of b to the base a; 
and is expressed by log^^ = n. 

EXERCISES. 

EdKpresa the following relatiojis in terms of logarithms : 

1. 2* = 16. 5. 43 = 64. 9. 5« = 15625. 

2. 2' = 128. 6. 74 = 2401. 10. 6^ = 216. 

3. 32 = 9. 7. 105 = 100000. 11. 202 = 400. 

4. 58 = 125. 8. 101 = 10. 12. 123 = 1728. 

123 
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Express the following relations by means of exponents: 



13. log,32 = 


= 5. 


17. log,27 = 3. 


21. log,„10 = 1. 


14. log,9 = 


2. 


18. log,64 = 3. 


22. log,216 = 8. 


15. log,16 - 


■A. 


19. log.25 = 2. 


23. log„l'44 = 2. 


16. log,16 = 


= 2. 


20. log,.1000 = 8. 


24 log,343 = 8 


Find the values 


of: 




25. log,16. 




31. log,36. 


37. log,.10000. 


26. log,512. 




32. log.512. 


38. log,.1000000. 


27. ]og,243. 




33. log,625. 


39. Iog..l0». 


28. log.Sl. 




34. log,.225. 


40. log„1728. 


29. log.125. 




35. log„27000. 


41. log., 121. 


30. log,64. 




36. log„1000. 


42. log,.14». 



124. Fundamental principles in exponents. Certain prin- 
ciples in exponents which are involved in the use of logarithms 
are here given. 

32x3* =3X3X3X8X3X3 = 3«. a« Xa* =aX «Xrt XoX a = a». 
In general, 

I. The exponent of the product of two powers of the same 
number is the sum of the exponents of the powers. 

Since 22 X2»=2S 2B-j-2« = 2«. Since a* X «''=«*. a»-i-a«^=a*. In 
general, 

II. The exponent of the quotient of tioo poioers of the same 
number is the exponent of the dividend minus the exponent of 
the divisor. 

(4«)3=.4«x48 X46 = 4^^ (a2)* = a«xa«Xa«Xa'=a«. In general, 

III. The exponent of a. power of a power of a number is the 
product of the exponents. 

Since (2»)* = 21 «. i>'2"i*=2». Since (««)«= a»o. v^i^=a». In 
general, 
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IV. The exponent of a root of a power of a number is the 

quotient of the exponent of the number divided by the index of 

the root, 

EXERCISES. 

Express with one exponent : 

1. 2«X2'. 9. aXa'Xa\ 17. 6«>h-6» 25. (7')«. 

2. 4^X4". 10. a«>Xa" 18. a'-^i-a*. 26. (4^°)«. 

3. 6^X61 11. 4«--4«. 19. a'^a. 27. (ay. 

4. 2'X2*X2*. 12. 3"--3^ 20. a'-i-a\ 28. (ay. 
6. 6x5'X5'. 13. 5"--5^ 21. a''^a'\ 29. (ay\ 

6. 8*X8"X8. 14. 2'*~2\ 22. (Qy. 30. (a")^ 

7. a«X«*Xa'. 15. 7"--7^ 23. (2*)«. 31. (ay. 

8. a^X«'X«'. 16. 10"--10^^ 24. (5^)*. 32. (ay. 
Express merely with an exponent : 

83. 1^2^ 37. i/9^ 41. \/W. 45, i^^ 



84. iJ/F. 88. 1^2^ 42. i^'lO^*. 46. Va^ 

35. v^«. 89. 1^3^ 43. v/2". 47. y^o^ 

86. V^. 40. v^4^ 44. y 5^. 48. \^5^ 

126. Zero and negative exponents. 

By Principle II, § 124, 2*-t-2' =2*-^ which is written 2-«. But 

1 1 

2*.-*- 2^ =^. Hence, 2-» means ^. Likewise a*-T-a® = a-* which 

means - 

In general, a-« means - 

These exponents with minus signs before them are called 
negative exponents. 

Again, by the same principle, 3* -f-3*=8o. ButS* -«-3* =1. Hence3o=l. 
Likewise 10« -^ 10« = 10o=l. 

In general, a^ means 1. 
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Since 4-= [,=^. log,l— 2. Siuce 3-«=lj=^. log,^=-4. 

In general^ if the base is a whole number , the logarithm of a 
number less than 1 is negative. 
Since 4° = 1. log4l - 0. Since a® = 1, loga 1 = 0. 
The logarithm of\ to any base is 0. 

126. Fundamental principles in logarithms. The following 
useful principles in logarithms follow directly from the prin- 
ciples in § 124. 

I. The logarithm, of the product of two numbers equals the sum 
of their logarithms. 

For, let a* = m, and ay — n. 

Then w X n = a* X ai' = a* + » . 

Hence, loga mXn = x -\-i/ = loga m + loga n. 

II. The logarithm of a quotient equals the logarithm of the 
dividend minus the logarithm of the divisor. 

For, let a* = m, and av = n. 

Then, - = a' -i- av .:= a^-v. 
n 

Hence, logo - = « — y = logo m — logo n, 

t 

III. The logarith m of a power of an umber equals the logarithm 
of the number, multiplied by the eonponent of the power 

For, let a* = 7i. 

Then, nP = (a*)p = a/". 

Hence, logo nf = px=p logo w. 

IV. The logarithm of a root of a number equals the logarithm 
of the number, divided by the index of the root. 

For let a'=n. 

Then, ■\/n=\/a'=dr. 

Hence, loga|/w = ^ = —7— . or - logon* 
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Example 1. Iogio30=logio2x3x5=logio2-h]ogio3+logio5. 
Example 2. Iogiof=log,o5— logio7. 
Example 3. Iogiol9'*=8 logiol9. 
Example 4. logio 1^5=5 log n.5. 

EXERCISES. 

1. Show that log,15-log,„6 + log,„f =0. 

2. Show that log.„i/2U-i log, ^5= log,, 2. 

3. Show that 2 log,.,10-log,^4 = log,^25. 

If log.,2 = .3010, log.„8 = .4771, log.„5 = .6990, log,J=.8451, 
find to the base 10 the logarithms of the following : 



4. 


18. 


7. 50. 


10. 


If. 13. 


1000. 


5. 


15. 


8. 24. 


11. 


70. 14. 


"3- 


6. 


20. 

10 


9. 2«. 


12. 
9.n. 


210. 15. 
V'2 X fS 


1/18. 
9 



16. i/30. 



21. 



17. 1/180. 

18. |>270: 

127. Common logarithms. The logarithm of a number to 
the base 10 is called a common logarithm.* In all practical 
computations, common logarithms are used, because the base 10 
is also the base of our decimal system of numbers. The re- 
mainder of this chapter will be confined to common logarithms. 

It is customary, in using common logarithms, to omit writing the base, 
the base 10 being understood. 

Thus, logiol2.6 is written simply log 12.6. 

* The system of common logarithms was introduced in the seventeenth 
century by Henry Briggs. Accordingly, logarithms to the base 10 are also 
called Briggs' logarithms. Another important system is the Napierian system, 
named after Napier, a contemporary of Briggs. The base of the Napierian 

system is the sum of the infinite series l+iT+i9+iq+|i"+"fK • Thesum 

of this series is approximately 2.7182818, and is represented by the letter e. 
Napier himself, however, did not use the base em his system. 

While the common system is used in practical calculations, the Napierian 
system is used in theoretical investigations. 
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128. Characteristic and mantissa. From the definition of 
a logarithm : 

since 10*=1, log 1=0; 
since ICrslO, log 10=1 ; since 10-»=.l, log .1=— 1 ; 

since 10*=100, log 100=2; smce 10-»=.01, log .01=— 2; 

since 10»=1000, log 1000=3; since 10-»=.001. log .001=— 3; etc. 

Moreover, since 42 is between 10 and 100, log 42 is between 
1 and 2 ; i. e^ log 42=1 and a decimal. Likewise, since 689 is 
between 100 and 1000, log 689 is between 2 and 3 ; t . «., log 
689 = 2 and a decimal. In general, the logarithm of any number 
that is not a power of 10 consists of an integral and a decimal 
part. 

Thus, log 825=2.9165. It should be remembered that the value of the 
decimal part can be obtained only approximately, but may be computed to 
any degree of accuracy desired. 

The integral part of a logarithm is called its chaiacteristic» 
and the decimal part is called its mantissa. 

129. How to find the characteristic. The characteristic may 
be found by inspection. 

Thus, since 428.3 is between 100 and 1000, log 428.3 is between 2 and 8; 
i. e., log 428.3=2+ some mantissa. 

Since 4.25 is between 1 and 10, log 4.25 is between and 1; i. «., 
log 4.25=0+ some mantissa. 

Since .00328 is between .01 and .001, log .00328 is between —2 and —3; 
i, e,t log .00328=— 3+ some mantissa. 

Since .45 is between 1 and .1, log .45 is between and —1; ». «., 
log .45=— 1+ some mantissa. 

It is clear that the characteristic may be found by the 
following rules : 

I. If a number is greater than 7, the characteristic of its 
logarithm, is less by 1 than the number of figures to the left of the 
decimal point. 
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II. If a number is less than i, the characteristic of its logarithm 
is negative, and is greater hy 1 than the number of zeros im^ 
mediately to the right of the decimal point. 

If the characteristic is negative, its value is usually sub- 
tracted from a multiple of 10, the mantissa annexed to the 
result, and the multiple of 10 indicated to be subtracted from 
the final result. 

Thus, in log .00062, the characteristic is —4 and the mantissa .7924, 
This is wrilten 6.7924-10. Similarly, log .00000000000396=8.5977-20. 

130. Logarithms of numbers which differ only in the 
positions of the decimal point have the same mantissa. 

This follows from the fact that changing the position of the 
decimal point is equivalent to multiplying or dividing the 
number by some power of 10, by which an integer is added to 
or subtracted from its logarithm, leaving the mantissa un- 
changed. 

Thus, 4.237X10=42.87; 4.237Xl0«=423.7; 4.237-^10«=.04237. 
And log 8230=3.9154; log 82.3=1.9154; log .0823=8.9154-10. 

131. Tables of mantissas. The mantissas of the logarithms 
of consecutive integers have been computed and tabulated 
At the end of this chapter is a table which contains the man- 
tissas of the logarithms of all integers from 1 to 1000, computed 
to four decimal places. 

In this table, the first two figures of each number are given 
in the column headed N, and the third figure in the horizontal 
line at the top of the table. The corresponding mantissas, 
with decimal points omitted, are given in the columns headed 
0, 1, 2, 3, etc. 

To find the logarithm of a number, find its characteristic by 
§129, and look in the table for the mantissa. In looking for 
the mantissa of a number containing less than three figures, 
annex ciphers until it has three figures. 
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Thus, to find Uic mantissa of log 86, look for the mantissa of log 860 
To find the mantissa of log 4, look for the mantissa of log 400. 

132. Use of the table : To find the logarithm of a given 
number. 

I. When the fjiveii number contains not more than three figures^ 
the iriiiiitissa of its logarithm is obtained directly li'om the 
table. 

Example 1. Find log 57.4. 

By § 129, the characteristic is 1. The mantissa is the same as the man- 
tissa of log 574. 

Look for 57 in the column headed X. Looking along the horizontal line of 
numbers opposite 57, to the column headed 4, we find .7589. Hence, 
log57.4= 1.7589. 

Example 2. Find log .089. 

The characteristic is — 2. The mantissa is the same as that of log 890. 
This is opposite 89, in the column headed 0, and is .9494. Hence, 
log .089 = 8.9494 - 10. 

II. Wfien the given number contains more than three figures^ 
use the principle that when the difference of two numbers is 
small compared with either of them, the difference of the 
numbers is approximately proportional to the difference of 
their logarithms. 

Example 3. Find log 6.3172. 

The characteristic is 0. 

The required mantissa is the same as that of log 631.72. 

Now 631.72 is greater than 631 by .72. 

The mantissa of log 631 = .8000. 

The mantissa of log 632 = .8007. 

Subtracting, .8007 - .8000 = .0007. 

Hence, an increase of 1 in 631 causes an Increase of .0007 in the corre- 
sponding mantissa. Therefore, an increase of .72 will cause au increase of 
,72 X .0007, or approximately .0005, in the mantissa. 

Adding .0005 to the mantissa of log 631 gives .8005. 

Hence, log 6.3172 = 0.8005. 
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Example 4. Find log . 006418. 

The characteristic is — 3. 

The required mantissa is that of log 641.8. 

Mantissa of log 641 = .8069. 

Mantissa of log 642 = .8075. 

.8075 - .8069 = .0006. 
.8 X. 0006 = .0005. 

.8069 -f .0005 = .8074. 
Hence, log .006418 = 7. 8074 - 10. 







EZEBCISES. 








Find the logarithms i 


of: 










1. 327. 


9. 62.5. 


17. 900. 


25. 


1. 


33. 


3.1416. 


2. 764. 


10. .842. 


18. 260. 


26. 


68. 


34. 


65321. 


3. 925. 


11. 19.9. 


19. 470. 


27. 


4500. 


35. 


27.342. 


4. 183. 


12. 8.56. 


20. 600. 


28. 


32600. 


36. 


5.3219. 


5. 42.7. 


13. .613. 


21. 2. 


29. 


4286. 


37. 


.6285, 


6. 3.94. 


14. .0869. 


22. 37. 


30. 


9135. 


38. 


.007932. 


7. 286. 


16. .00321. 


23. 49. 


31. 


62.84. 


39. 


.063805 


8. 9.28. 


16. .000914, 


, 24. 7. 


32. 


526.7. 


40. 


4268.4. 



133. To find a number whose logarithm is given. 

I. When the given mantissa is found in the table^ the sequence 
of figures of the required number may be obtained by reversing 
the process of Case I, § 132. The position of the decimal point 
is determined by reversing the rules in § 129 

Example 1. Find the number whose logarithm is 8.7649 — 10. 

In the table, the mantissa .7649 is opposite 58 and in the column headed 
2. Hence, .7649 = mantissa of log 582. 

Since the characteristic is — 2, the number must be less than 1, and must 
contain one zero immediately to the right of the decimal point. 

Hence, 8.7649 - 10 = log .0582. 

II. When the given mantissa is not found in the table^ the 
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required number is obtained by reversing the process of 
Case II, § 132. 

Example 2. Find the number whose logarithm is 1.5784. 
Mantissa .5734 is not in the table, but those mantissas of the table 
between which it lies are .5729 and .5740. 

.5729 = mantissa of log 374, and .5740 = mantissa of log 875. 

Subtracting, .5740 - .5729 = .0011. 
and .5734 - .5729 = .0005. 

Hence, an increase of .0011 in the mantissa causes an increase of 1 in the 
corresponding number. Therefore, an increase of .0005 in the mantissa 
will cause an increase of .0005 -*- .0011, or .45, in the number. 

Adding .45 to 374 gives 374.45. 

Therefore, .5734 = mantissa of log 374.45. 

Since the characteristic is 1, w^e have 1.5784 = log 37.445. 

EXERCISES. 

Find the numbers whose logarithms are : 

1. 1.3243. 8. 3.4409. 16. 5.7412-10,22. 8.4704-10. 

2. 3.5416. 9. 0.6875. 16. 0.6085. 23. 4.0150. 

3. 4.9227. 10. 2.8G09. 17. 2.4975. 24. 0.4735. 

4. 9.7686-10. 11. 9.7443-10.18. 1.1852. 26. 1.6500. 

6. 7.8142-10. 12. 8.0086-10. 19. 3.7391. 26. 8.8187-10. 

6. 2.5490. 13. 1.9773. 20. 9.7585-10.27. 2.9989. 

7. 6.6794. 14. 7.8363-10.21. 1.9260. 28. 9.4545-10. 

134. Computation by logarithms. By use of the principles 
in § 126, and the processes of § 132 and § 138, the student 
may make any of the complicated computations that he will 
ever have to make in practical life. Logarithms should be 
used in all of the problems in the following chapters that in- 
volve long computations in the applications of arithmetic to 
mensuration and science. 
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Example 1. Raise 1.78 to the fifth power. 
We first find log 1.78^ 
By § 126, III, log 1.78«=5X log 1.78 

=5X.2504 
=1.2520 
Now, finding the number of which 1.2520 is the logarithm, 

1.2520= log 17.86. 
Hence, 1.78»=17.86, approximately. 

Example 2. Find the cube root of .0427. 
First, find log 1^.0427. 

By § 126, IV, log#^l0427= J of log .0427 

=i of (8.6304-10) 

=i of (28.6304-30) 

=9.5435-10. 
But, 9.5435-10= log .3495. 

Hence, ^.0427=. 3495, approximately. 

Example 3. Find the value of >|A 47x73. 84^ 

o2.4 

loff 4 A47x73.84 _ log 2.47+log 73.84-l og 52.4 

^ ^ 62.4 2 ^ • 

log ^.47= .3927 

log 73.84= 1.8683 

2.2610 

log 52.4= 1.7198 

2) .5417 

.2709=log 1.866. 

Hence, >f/^l^^]M= 1.866 approximately. 

EXEBCISES. 

Find by logarithms the value of: 

1. 32.7X.468. 6. 1.414X.0321. 9. f^uM. 

2. 1.805X360. 6. 3.89*. 10. C^M^. 

3. 25.3X6.42X.063. 7. .63«. n. ^.-00328. 

4. 1728X3.1416. 8. 52.34«. 12. ^OSl 
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13. 8.142-r-32.6. ^^ 627x892 20. ^256.8-1728. 

14.181.2-^18.92. ' ^'^' * 21.86.3^-^1062. 

. 1ft 1728 22. 172.8^--14.9\ 

16. 235X4.27-V-12.6. ^^' 3.52xt)2.3' 23. .6814^^ 



6. 



16. 100--3.1416. 19. |/4.5i57x32.7. 24. |739.2=^x4.6». 

26. If the interest on P dollars is compounded annually, at 
the rate of r per cent for n years, the amount is given by the 

formula, Amou7U={l-\-z^^)"XJ^' 

Find the amount of 1425 at the end of 20 years, compounded 
annually at 5^. 

26. Find the amount of $100 at the end of 100 years, 
compounded annually at 4^. 

27. If D inches is the deflection in the middle of a beam, 
supported at the ends and loaded in the middle, then 

D =-ro — 0, — ^. where W = load in lb., Z = length of the beam 

48x^Xi^ 

in inches, and ^ and I are constants depending upon the 
material of the beam and its size. For a wrought-iron bar 
whose rectangular section is 2 in. deep and 1 in. wide, i'=.666 
and^=29xl0^ 

Find the deflection of a 2 in. by 1 in. wrought-iron bar loaded 
^ith 4^37 lb., the distance between the supports being 5 tt. 

28. If IF =5080 lb., Z = 8ft. 4in.,Z= .846 and ^5^ = 32x10", 
find 2>, using the above formula. 
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N. 





1 


2 


3 


4 


5 





7 


8 


9 


10 


GOOD 


0043 


0086 


0128 


0170 


0212 


0253 


0204 


0334 


0374 


11 


0414 


0453 


0492 


or>3l 


0569 


0607 


0645 


0082 


0719 


0755 


12 


0793 


0828 


0864 


0899 


0934 


0969 


1004 


1038 


1073 


1100 


13 


1139 


1173 


1206 


1239 


1271 


1303 


1335 


1367 


1399 


1430 


14 


1461 


1493 


1523 


1553 


1584 


1614 


1644 


1673 


1703 


1733 


15 


1761 


1790 


1818 


1847 


1875 


1903 


1931 


1959 


1987 


•2014 


13 


2041 


20n8 


2095 


2122 


2148 


2175 


2201 


2227 


2253 


2279 


17 


2304 


2330 


2355 


2380 


2405 


2480 


2455 


2480 


2504 


2529 


18 


2553 


2-)77 


2601 


2625 


2648 


2673 


2695 


2718 


2742 


2765 


ID 


2788 


2810 


2833 


2856 


2878 


2900 


2923 


2945 


2967 


2989 


20 


3010 


3032 


3054 


8075 


8096 


8118 


8139 


8160 


3181 


3201 


21 


3223 


3-343 


3263 


8284 


3304 


8324 


3345 


3365 


3385 


3404 


23 


3424 


3444 


3464 


8483 


3502 


8522 


3541 


3560 


3579 


8598 


23 


3017 


3636 


3655 


8674 


3692 


8711 


3729 


3747 


8766 


3784 


24 


3802 


8820 


3838 


3856 


3874 


3892 


8909 


3927 


3945 


3962 


25 


3'JT9 


3097 


4014 


4031 


4048 


4065 


4082 


4099 


4116 


4133 


23 


41o0 


4106 


418J 


4200 


4216 


4232 


4240 


4265 


4281 


4298 


27 


4314 


4330 


4346 


4362 


4378 


4393 


4409 


4425 


4440 


4456 


28 


4472 


4487 


4502 


4518 


4533 


4548 


4504 


4579 


4594 


4609 


23 


4624 


4039 


4654 


4660 


4683 


4698 


4713 


4728 


4742 


4757 


30 


4771 


47f^6 


4800 


4814 


4829 


4843 


4857 


4871 


4886 


4900 


31 


4914 


4928 


4942 


4955 


4969 


4983 


4997 


5011 


5024 


5038 


32 


5051 


5065 


5079 


5092 


5105 


5119 


5132 


5145 


5159 


5172 


33 


5185 


5108 


5211 


5224 


5237 


5250 


5263 


5276 


5289 


5302 


34 


5315 


5323 


5340 


5353 


5366 


5378 


5391 


5403 


5416 


5428 


33 


5441 


5453 


5465 


5478 


5490 


5502 


5514 


5527 


5539 


5551 


36 


5503 


5r)75 


5587 


5599 


5011 


5023 


5635 


5647 


5658 


5670 


37 


5682 


5604 


5705 


5717 


5729 


5740 


5752 


5763 


5775 


5780 


33. 


5798 


5809 


5821 


5832 


5843 


5855 


5860 


5877 


5888 


5899 


39 


5911 


5922 


5933 


5944 


5955 


5966 


5977 


5988 


5999 


6010 


40 


6021 


6oni 


6042 


6053 


6064 


6075 


6085 


6096 


6107 


6117 


41 


6128 


6138 


6149 


61C0 


6170 


6180 


6191 


6201 


6212 


6222 


42 


6232 


6243 


6253 


6203 


6274 


6284 


6294 


6304 


6314 


6325 


43 


6335 


6345 


6355 


6305 


6375 


6385 


6395 


6405 


6415 


6425 


44 


3435 


6444 


6454 


6404 


6474 


6484 


6493 


6503 


6513 


6522 


45 


6532 


6512 


6551 


6501 


6571 


6580 


6590 


6599 


6609 


6618 


46 


6628 


6037 


6046 


6056 


6665 


6675 


6684 


6693 


6702 


6712 


47 


6721 


6730 


6739 


6749 


6758 


6707 


6776 


6785 


6794 


6803 


48 


6812 


6821 


6830 


6839 


6848 


6857 


6866 


6875 


6884 


6893 


49 


6902 


6911 


6920 


6928 


6937 


6946 


6955 


6964 


6972 


6981 


50 


6990 


6998 


7007 


7016 


7024 


7083 


7042 


7050 


7059 


7067 


51 


7076 


7084 


7093 


7101 


7110 


7118 


7126 


7135 


7143 


7152 


52 


7160 


7168 


7177 


7185 


7193 


7202 


7210 


7218 


7226 


7235 


53 


7243 


7251 


7259 


7267 


7275 


7284 


7292 


7300 


^7308 


7316 


54 


7324 


7332 


7340 


7348 


7356 


7364 


7372 


7380 


7388 


7396 
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1 


2 


3 


4 


6 


6 


7 


8 


9 


55 


7404 


7412 


7419 


7427 


7435 


7443 


7451 


7459 


7466 


7474 


56 


7482 


7490 


7497 


7505 


7513 


7520 


7528 


7536 


7543 


7551 


67 


7559 


7566 


7574 


7583 


7589 


7597 


7604 


7613 


7619 


7627 


58 


7634 


7643 


7619 


7657 


7664 


7672 


7679 


76^6 


7694 


7701 


59 


7709 


7716 


7723 


7731 


7738 


7745 


7752 


7730 


7767 


7774 


60 


7782 


7789 


7796 


7803 


7810 


7818 


'7825 


7832 


7839 


7846 


61 


7853 


7860 


7868 


7875 


7882 


7889 


7896 


7903 


7910 


7917 


62 


7924 


7931 


7938 


7945 


7952 


7959 


7966 


7973 


7980 


79S7 


63 


7993 


8000 


8007 


8014 


8021 


8028 


8035 


8041 


8048 


8055 


64 


806iJ 


8069 


8075 


8082 


8089 


8090 


8102 


8109 


8116 


8122 


65 


8129 


8136 


8142 


8149 


8156 


8162 


8169 


8176 


8182 


8189 


66 


8195 


8202 


8209 


8215 


8222 


8228 


8235 


8241 


8248 


8254 


67 


8261 


8267 


8274 


8280 


8287 


8293 


8299 


8306 


8312 


8319 


68 


8325 


8331 


8338 


8344 


8351 


8357 


8363 


8370 


8376 


8382 


60 


8388 


8395 


8401 


8407 


8414 


8420 


8426 


8432 


8439 


8445 


70 


8451 


8457 


8463 


8470 


8476 


8482 


8488 


8494 


8500 


8506 


71 


8513 


8519 


8525 


8531 


a537 


8543 


8549 


8555- 


8561 


8567 


72 


8573 


8579 


8585 


8501 


8597 


8603 


8609 


8615 


8621 


8627 


73 


8633 


8639 


8645 


8651 


8657 


8663 


8669 


8675 


8681 


8686 


74 


8692 


8698 


8704 


8710 


8716 


87i52 


8727 


8733 


8739 


8745 


75 


8751 


8756 


8762 


8768 


8774 


8779 


8785 


8791 


8797 


8802 


76 


8808 


8814 


8820 


8825 


8831 


8837 


8843 


8848 


88154 


8859 


77 


8805 


8871 


8876 


8882 


8887 


8893 


8899 


8904 


8910 


8915 


78 


8921 


8927 


8932 


8938 


8943 


8049 


8954 


8960 


8965 


8971 


79 


8976 


8982 

• 


8987 


8993 


8998 


9004 


9009 


9015 


9020 


9C25 


80 


9031 


9036 


9042 


9047 


9053 


9058 


9063 


9069 


9074 


9079 


81 


9085 


9090 


9096 


9101 


9100 


9112 


9117 


9122 


9128 


9133 


82 


9138 


9143 


9149 


9154 


9159 


9105 


9170 


9175 


9180 


9186 


83 


9191 


9196 


9201 


9206 


9212 


9217 


9222 


9227 


9232 


9238 


84 


9243 


9248 


9253 


9258 


9263 


9269 


9274 


9279 


9284 


9289 


85 


9294 


9299 


9304 


9309 


9315 


9320 


9325 


9330 


9335 


9340 


86 


9345 


9350 


9355 


9360 


9365 


9370 


9375 


9380 


9385 


9390 


87 


9395 


9400 


9405 


9410 


9415 


9420 


9425 


9430 


9435' 


9440 


88 


9445 


9450 


9455 


94G0 


9405 


9469 


9474 


9479 


9484 


9489 


89 


9494 


9499 


9504 


9509 


9513 


9518 


9523 


9528 


9533 


9538 


90 


9542 


9547 


9552 


9557 


9562 


9566 


9571 


9576 


9581 


9586 


91 


9590 


9595 


9600 


9605 


9609 


9614 


9619 


9624 


9628 


9633 


92 


9638 


9643 


9647 


9652 


9057 


9661 


9666 


9671 


9675 


9680 


93 


9685 


9689 


9694 


9699 


9703 


9708 


9713 


9717 


9722 


9727 


94 


9731 


9736 


9741 


9745 


9750 


9754 


9759 


9763 


9768 


9773 


95 


9777 


9782 


9786 


9791 


9795 


9800 


9805 


9809 


9814 


9818 


96 


9823 


9827 


9832 


9836 


9841 


9845 


9850 


9854 


9859 


9868 


97 


9868 


9872 


9877 


9881 


9886 


9890 


9894 


9899 


9903 


9908 


98 


9912 


9917 


9921 


9926 


9930 


9934 


9939 


9943 


9948 


9952 


99 


9956 


9961 


9965 


9969 


9974 


9978 


9983 


9987 


9991 


9996 



CHAPTER IV. 

THE APPLICATION OP ARITHMETIC TO MEASURE- 

MENTS. 

135. Tables. In the measurement of lengths, surfaces, and 
volumes, various units of measure are used. There are two 
systems of units used in this country : the English system, 
which is used in trade ; and the French or Metric system, 
which is used in the sciences and by some departments of the 
United States government.* 

The tables of these units are given here for review and for 
convenient reference. 

136. English or common units. 

UNITS OF LENGTH. 

12 inches (in.) =1 foot (ft.) 

8 feet =1 yard (yd.) 

161 fG6^» or 5i yards =1 rod (rd.) 

320 rods, or 5280 feet =1 mile (mi.) 

UNITS OF SURFACE. 

144 square inches (sq. in.) =1 square foot (sq. ft) 

9 square feet =1 square yard (sq. yd.) 

30^ square yards =1 square rod (sq. rd.) 

160 square rods =1 acre (A.) 

640 acres =1 square mile (sq. mi.) 



* The metric system of measures was adopted by the French govern- 
ment in the early part of the nineteenth century. It is now used by most 
of the civilized nations, except the United States ana Great Britain. On 
account of its superiority over the English system, still used by these two 
nations, it is hoped that they will join in making its use universal. 
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UNITS OF VOLUME. 

1728 cubic inclies (cu, in.) :^1 cubic foot (cu. ft.) 

27 cubic feet —I cubic yard (cu. yd.) 

138 cubic feet =1 coni of wood (cd.) 

137. The French or metric anits. The metric system is a 

decimal system, the number of vnits of one denomination 

making one unit of the next higher being always 

a power of 10. It is this that makes the metric 

system superior to tlie other system. Thus, 

reduction from one denomination to another 

merely involves changing the position of the 

decimal point. 

S The standard tmit of the metric system, from 

I which all otlier units are derived, is the meter. 

5 It was obtained by surveying a long distance on 

p the meridian through Paris and computing the 

E distance from the equator to the pole of the 

I earth and taking .0000001 of this distance. 

I A slight error was made in fixing the length of the 
I meter, but tliat does not affect Ihc usefulness of the ays- 
3 tem. A meter equals about 89, S7 inches. 

I - UNITS OF LENGTH. 

S lODO mikrons (^) =1 millimeter (mm.) 

I 10 milliLiiotcra =1 centimeter (cin.)-0.3S37 inch. 

E 10 centi meters — 1 dccimL-ter(dm.) 

<i 10 decimeters ^1 meter (m.) =38,8707 inches. 

10 meters ^1 dekanieter (Dm.) 

10 dekameters =1 hektometer(Hm,) 

_ 1 3380.9 feet, or 
"■) 0.6214 mile. 
10 liilometers =1 myi-iaraeler (Mm.) 



lOhektometers— 1 kilometeT(Kn 



Note. — In the tables, units in most 
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UNITS OF SURFACE. 

100 sq. millimeters (sq. mm.) = 1 sq. centimeter (sq. cm.) = 0.155 sq. in. 

100 sq. centimeters = 1 sq. decimeter (sq. dm.) 

100 sq. decimeters * = 1 sq. meter (sq. m.) = 10.764 sq. ft. 

100 sq. meters = 1 sq. dekameter (sq. Dm.) 

100 sq. deltameters = 1 sq. bektometer (sq, Hm.) 

100 sq, hektometers 1 1 sq. kilometer (sq. Km.) = 247.114acres. 

When used in measuring land, the square meter is also called a centare 
(ca.), the square dekameter an are (a.), and the square hektometer a 
hektare (Ha.). 

UNITS OF VOLUME. 

1000 cu. millimeters (cu. mm.)= 1 cu. centimeter (cu. cm.) = 0.06102 cu. in. 

1000 cu. centimeters = 1 cu. deoipieter (cu. dm.) • 

1000 cu. decimeters = 1 en. meter (cu. m.) = 85.314 cu. ft. 

In measuring wood, the cubic meter is also called a store. 

OBAL EXERCISES. 

1. How many mm. in a m.? In a Km.? 

2. How many cm. in a m.? In a Km.? 

3. Reduce 25 Km. to m. 

4. Reduce .03/jt to mm. 

5. Reduce .37 Km. to m. 

6. How many m. in 1.22 Dm.? In 2 Hm.? In .004 Km.? 

7. How many cm. in 2.45 mm.? In 3 m.? 

8. How many Hm. in 426.25 m. ? How many cm. ? How 
many Km.? 

9. Reduce 4.25 sq. cm. to sq. m. To sq. mm. 

10. How many sq. cm. in 25 sq. m.? In 4286 sq. mm.? 

11. How many sq. m. in 36284 sq.mm.? In 12.34 sq. cm.? 

12. Reduce .0286 sq. Km. to sq. Dm. To sq. m. To sq. dm 
To sq. cm. To sq. mm. 

13. How many cu. m. in 1 cu. cm. ? In 1 cu. mm. ? 
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14. How many cu. m. in 1 cu. Dm. ? In 1 cu. Km. ? 

15. lieduce 26.814 cu. m. to dm. To cu. cm. To cu. cm. 

16. Reduce 5.123 cu. m. to cu. Dm. To cu. cm. 

17. How many a. in 5.268 Ha ? How many ca. ? How 
many sq. m. ? 

18. How many cu. dm. in 12 stares? How many cu. Dm. T 

19. How many feet in 2.5 m. ? In 327 cm. ? 

20. How many sq. in. in 100 sq. cm.? In 326.8 sq.mm.? 

21. How many in. in 2.5 cm. ? In 500 mm. ? 

22. How many miles in 15 Km.? 

23. The regulations of the United States government regard- 
ing foreign mail require that* packages of merchandise sent 
through the mail may not exceed 30 cm. in length, 20 cm. in 
width, and 10 cm. in height. Express these dimensions in inches. 

138. Geometrical measurements. The geometrical measure- 
ments discussed in the following paragraphs are used very 
commonly in everyday life, in business, in technical pursuits, 
and in science. Rigorous proofs of the principles involved can 
not be given here, but will be found in geometry. Students 
who have not had geometry should find the explanations here 
given sulnciently satisfying. 

139. Area of a rectangle. If a rectangle is 5 in. long and 
3 in. wide, it may be divided into squares, as in the figure, 

each square being 1 sq.in. One horizontal 
strip contains 5 sq.in., and since there are 
8 strips, the area of the whole rectangle is 
8x^ sq.in., or 15 sq.in. 

In general, the area of a rectangle b in. long 
and w in. wide is toX^ sq.in., or wb sq.in. The sides of a 
rectangle are called the base and altitude. This principle ia 
usually expressed thus : 







APPLICATION TO MEASUREMENTS 



141 



T?ie area of a rectaiigle equals the product of its base and 
altitude. 

Note. — It is clear that what is meant in the statement of this principle 
is that the number of units of surface equals the product of the number of 
units of length in the base and the number 0/ units of length in the altitude. 
It is impossible to take the product of two lines, as such. What we do 
multiply are the abstract numbers. The same remark applies to the other 
principles which follow in this chapter. 

140. Area of a square. Since a square is a rectangle whose 
base and altitude are equal, from the above principle it follows 
that 

The area of a square equals the square of one side. 

From this it follows that 

The length of a side of a square may he obtained by extract- 
ing the square root of the numerical value of its area. 

Thus, if the area of a square lot is 2704 sq. m., the length of one side is 
|/2f04m., or52m. 

141. Area of any parallelogram. The area of any paral- 
lelogram is the same as that of a rectangle having an equal 
base and an equal altitude, as is 

shown by cutting off the triangle 
A from one end of the parallelo- 
gram and placing it in the position 
B at the other end, thus convert- 
ing it into a rectangle. Hence : 

The area of any parallelogram, equals the product of its base 
and altitude, 

142. Area of a triangle. Since a 
second triangle congruent to the given 
triangle A may be placed in the posi- 
tio B, the two thus forming a parallelo- 
gram with the same base and altitude 
as the triangle A, it follows that 
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The area of a trian(/h equah one-half the jyrodnct of its base 
and altitude. 

A second method of computing the area of a triangle may be 
used when the lengtli of the altitude is not known, but the 
lengths of all three sides are given. It is proved in geometry 
that 

The area of a tr it ingle equals the square root of the product' 
of the half sunt of the sides and the three remainders obtained 
by subtracting from this half sum, each of the sides in succession. 

Example. Find Ibe area of the triangle whose sides are 12.5 cm., 
15.3 cm., and 20.4 cm., respectively. 

The half sum is 24.1 cm., andtheremaindere are 11 6cm., 8.8cm., 3.7cni. 

ilence we are to find v 24.1 X 11.6 X «.8 x 3.7 sq. cm. 

log 24.1 = 1.3820 
log 11.6= 1.0645 
log H.H- .9445 
log 3.7= .5682 
2)3.9592 

1.9796 = log 95.42 
Therefore, the area is 95.42 sq. cm. 

Note. — Students who have not had logarithms should perform the 
multiplication and extract the square root. 

143. Area of a trapezoid. A second trapezoid, congruent to 
the given trapezoid A, may be placed in the position B, so 

that the two form a pamllelo- 
....^. , gram. The area of the trape- 
zoid A equals one-half the area 
® / of the parallelogram. Since the 
A J parallelogram has the same al- 
titude as the trapezoid, and its 
base is the sum of the bases of the trapezoid, it follows that 

The area of a trapezoid equals one-half the product of the alti- 
tude and the snm of the bases^ or the product of the altitude and 
one- half of the sum of the bases. 
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144. Area of any polygon. The area of any polygon may 
be obtained by dividing it into triangles, or any other figures 
whose areas may be found, then finding the areas of these 
parts and adding them. 

PROBLEMS. 

1. How many yards of 36-inch carpet are required to cover 
a floor 12 feet wide and 14 feet long, no allowance being made 
for matching ? 

2. How many strips, running lengthwise, of Brussels 
carpet (27 in. wide) are required for a room 15 ft. by 20 ft.? 
How many running yards in each strip ? How many running 
yards in all, if there is no waste in matching? What is the 
cost at $1.25 per yard ? 

3. A rectangular piece of land is 40 rods wide and 55 rods 
long. Find the area in square rods ; in acres. 

4. A city block is 400 feet wide and 600 feet long. How 
many acres does it cover ? 

6. How much does it cost to construct a concrete sidewalk 
5 ft. wide and 164 ft. long at $1.25 per sq. yd.? 

6. What does it cost to pave a street 42 ft. wide and 400 ft. 
long at $1.62 per sq. yd. ? 

7. How many bricks 8 in. long and 4 in. wide are required 
to lay a sidewalk 6 ft. 8 in. wide and 64 ft. long ? 

8. What does it cost to lath and plaster a room 14 ft. by 
16 ft. and 10 ft. high, at 33 cents per sq. yd., no allowance 
being made for openings ? 

9. How many tiles 8 in. square will it take to cover a court 
33 ft. 4 in. long and 16 ft. 8 in. wide ? 

10. A square park contains 1000 acres. How many yards of 
iron fence does it take to enclose it? 
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11. A rug cleaning establishment charges 12 cents a yard 
for cleaning carpet 27 inches wide. At the same rate per 
yard, what will it cost to clean two inigs, one 7 ft. 6 in. by 6 ft. 
5 in., the other 5 ft. 8 in. by 3 ft. 6 in. ? 

12. How many barrels of lime will be required to plaster 

the walls and ceiling of a hall 40 
ft. long, 10 ft. 6 in. high and 22 ft. 
wide if it takes 3 J bbl. of lime for 
100 sq. yd. ? 

13. Find the area of the polygon 
ABODE, if ^6^=600 yd.; BG 
=200yd.;^i^^=75yd.;^6^=125 
yd.; ^^=425 yd.; ^7^=160 yd.; 
i>^=110 yd. 

14. In the polygon AB CDEF, 
^(?=100 ft.; Gn=V)^ ft.; 
^ 7/7=400 ft.; 77= 100 ft.; 77>= 
150 ft.; J? 6^= 150 ft.; HF= 
200 ft; 6^^ = 175 ft; and JE=- 
150 ft. Find the area. 

16. Surveyors may determine the amount of land in a given 
tract as follows : A base line MN is staked off east and 

west, say. The distances are 
measured at right angles from 
various points in the boundary 
of the land, as A, B, C, etc., 
meeting the base line at P, 
Q, R, etc. The distances P Q^ 
etc., are measured. Show how 
the area of the land may be 
computed. 
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16. A farmer sold to his neighbor a strip of land, lying 
between the road AR 
and the river, for $60 
per acre. He had it sur- 
veyed. The surveyor 
measured along the 
road AB, driving a stake 
every 100 ft., at C, D, 
etc., finding AB to be 
just 600 ft. From each of these stakes he measured the dis- 
tance, at right angles to AB, to the river. He found these 
distances, to be : from C, 200 ft. ; from D, 250 ft. ; from E, 
250 ft. ; from F, 225 ft. ; from G, 125 ft. The area was then 
computed. How much did the farmer get for the land ? 

17. A gallon of paint costing $1.50 covers 800 sq. ft. with 
one coat. Find the cost of painting a tight board fence with 
one coat on each side, if the fence is 4 ft. 6 in. high, and en- 
closes a lot 21 rd. long and 9 rd. wide. 

18. How many sq.ft. of 1-inch pine boarding will be re- 
quired to make 1,000 packing cases, each 27 in. long, 18 in. 
wide, 12 in. deep, allowing 10^ waste on each box? 

19. A rectangular grass plot is 110 ft. by 90 ft. Around it 
is a gravel path 4 ft. wide. A contractor agrees to cover the 
path with asphalt at 5 cents per sq. ft. What does the 
contract cost ? 

20. How many square feet of sheathing are necessary for the 
outside, including top, of a freight car 84 ft. long, 8 ft. wide, 
and 7^ ft. high, allowing 10^ for waste? 

21. A planing-machine cuts ^ in. wide. How long will it 
take to plane a casting 20 ft. by 10 ft. 6 in., if the work moves 
at 20 ft. per mmute ? 
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22. The pedestal of a marble column is in the form of a 
frustum of a pyramid whose bases are regular octagons with 
sides 3 ft. and 2 ft. 8 in., respectively, and whose slant height 
is 1 ft. 2 in. How much surface must be polished ? 

23. A monument of marble consists of a frustum of a square 
pyramid whose bases are 2 ft. and 1 ft., respectively, and slant 
height 5 ft., surmounted by a pyramid whose slant height is 
1 ft. What is the cost of polishing the surface at 60 cents 
per sq. ft. ? 

24. A roof has 4 sides ; two in the form of trapezoids with 
bases 30 ft. and 10 ft., and altitude 15 ft. ; and two in the form 
of triangles with base 20 ft. and altitude 15 ft. If 1000 shingles 
cover 120 sq. ft., how many thousand are required to cover the 
roof ? 

25. Cement sidewalks are usually made as follows: an 
excavation 4 inches below the surface of the proposed walk is 
made and thoroughly rammed. Then a-3-inch layer of cement 
concrete is spread. Upon this base, a 1-inch wearing surface 
is spread. The concrete is 1 part cement to 7 parts gravel and 
sand, and the wearing surface is 1 part cement to 1 part sand. 
The cement costs $1.80 and the sand and gravel 10 cents per 
barrel. How much per sq. ft. must a contractor get for fur- 
nishing the walks for a city, if the labor costs 125^ of the 
material and he wishes to make 20^ of the net cost (material 
and labor) of laying the walks ? (1 bbl. = 2.84 cu. ft.) 

26. In calculating the cost of lathing and plasteripg a room, 
the total area of wall space is considered without any deductions 
for doors and windows. 

Make the following estimates for a room 9^ feet high, 16 feet 
wide, and 22 feet long : 

Laths are worth |6 per 1000 and are put up in bunches of 
50. A bunch will lath 4 sq. yd. How many laths are required ? 
What will they cost ? (A part of a bunch cannot be bought.) 
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Hard wall-plaster is worth $6.50 per ton and is put up in 
100 lb. bags. A ton will plaster 100 sq. yd. How much 
plaster will it take ? What will it cost ? (A part of a bag 
cannot be bought.) 

How much does the workman get for his work if he charges 
33 cents per square yard, including material, to complete the 
job? 

145 . Relation of the circumference to the diameter of a circle. 

If the circumferences and diameters of several circular objects, 
such as circular discs cut from stiff cardboard, plates, wheels, 
or coins, are measured,* and the circumference of each divided 
by its diameter, then the average of these quotients computed 
to several decimal places, the average will be found to equal 
approximately 3.1416. Hence, 

The circumference of a circle equals approxiniatehj 3.1416 
times the diameter. 

The number 3.1416 is only the approximate vahie of an incommensurable 
number 3. 1415927 • • • • . This has been computed to over 700 decimal 
places. t The value 3.1416 will give very accurate results in all practical 
problems where it is used. This incommensurable number, the quotient 
of the circumference divided by the diameter of the circle, is usually 
represented by the Greek letter n (pi). 

If c stands for the circumference, d the diameter, and r the 
radius of a circle, we have 

C=zTrd=^irr, 

* To get an accurate measurement of a circumference, two pupils 
can work together to an advantage. Take two rulers, one standing edge- 
wise on the other as a guide for the circle. Mark a point on the circum- 
ference and roll through one complete revolution, noticing the distance 
passed over on the bottom ruler. Hold the circle against the second ruler to 
get a straight path. • 

+ To 96 places, the value of n is 3.14159265358979323846264338327950288 
41971693993751058209749445923078164062862089986280348253421 17 . 
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146. Area of a circle. A circle with radius r and circum- 
ference c can be cut along a large number of radii into equal 
figures which resemble triangles. If these were triangles, the 
altitude of each would be r and the sum of the bases, the cir- 
cumference c. 





Considering them triangles, the area would be that of a 
single triangle whose base is the circumference, and whose 
altitude is the radius. This is proved in geometry to be the 
exact area. Hence, 

The area of a circle equals one-half the product of the circum* 
ference and radius. 

Since by § 145, c = 27rr, the area equals ^ X 27rr X »•, or nr^. 
Hence, 

The area of a circle equals tt times the square of the radius. 

Example 1. Find the area of the circle whose radius is 4 inches. 
The area = 3.1416 X 4« sq. in. = 50.2656 sq. in. 

Example 2. Find the radius of the circle whose area is 125 sq. cm. 



Thd radius 



ius =^3- 



125 
Hi^cm. 



log 125 = 2.0969 

log 3.1416 = 0.4971 

2 )1.5998 

.7999 = log 6.308 

Hence, the radius is 6.308 cm., approximately. 



Note.— Let the student who has not had logarithms perform the division 
and extract the square root. 
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PROBLEMS. 

1. Find the diameter of a wheel that makes 660 revolutions 
in going a mile. 

2. How many revolutions per mile will a 28-inch bicycle 
wheel make? 

3. What is the area of a circular ring that is 3 inches in 
inside diameter and 4 inches in outside diameter ? 

4. The circular basin of a fountain is 20 ft. in diameter. 
What will it cost to cement the floor of it at $1.75 per sq. yd.? 

5. A boiler of an engine has 300 tubes, each 3 inches in 
inside diameter. What is the total cross-sectional area ? 

6. A cylindrical tank is 18 ft. in diameter. How long must 
a piece of strap iron be taken to make a band around it, allow- 
ing 1 ft. for overlapping? 

7. The earth is nearly 8000 miles in diameter. What is 
the approximate length of the equator? At what velocity 
does a person who is at the equator revolve through space ? 

8. A cylindrical tin can is to be made 4 inches in diameter 
and 4^ inches high. Find the dimensions of the piece of tin 
that is to form the cylindrical surface, \ inch being allowed 
for a seam. 

9. How much belting does it require to make a belt to run 
over two pulleys, each 30 in. in diameter, the distance between 
their centers being 18 ft. ? 

10. A belt runs over two pulleys, one being 4 ft. in diameter 
and driven by an engine at 100 revolutions a minute. What 

. must be the diameter of the other pulley, ]f it is to turn a fan 
at the rate of 400 revolutions a minute ? 

11. If a 10-inch pulley is making 300 revolutions a minute, 
how fast is the rim traveling in feet per minute ? 

12. A grindstone of Ohio stone will safely stand a surface 
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Speed of 2500 feet per minute. How many revolutions per 
minute will a 4-ft. stone safely stand ? How niiiny revolutions 
per minute will a 3-ft. atone stand? A SJ-ft. stone? 

13. Grindstones of Huron stone will stand a surface speed 
of 3600 feet per minute. How many revolutions per minute 
will a 3^ft. stone stind? A 6-ft, stone? 

14. An emery stone will safely stand a surface speed of 
5500 ft. per minute. It the spindle of an emery grinder makes 
1800 revolutions per minute, what is the diameter of the 
largest wheel that may safely be used ? 

15. A 10-inch pulley runs 800 revolutions per minute and 
is to drive a machine at the rate of 180 I'cvolutions per minute. 
What size of pulley must he on the machine ? 

16. The main driving pulley of an engine is 12 ft. 6 in, in 
diameter and makes 96 revolutions per minute. It is belted 
to a 48-inch pulley on the main line shaft. Find the speed of 
the latter. 

17. When there is a steam pressure of 90 pounds per square 
inch, what is the pressure on a 12-ineli piston ? On a 6-inch 
piston ? 

18. The cross-sectional diameter of a shaft is 
8 inches. In this is a 2.inch hole eccentric to 
the shaft. Find the area of ihe cross section. 

19. A running track having two imrallel sides 
and two semicircular ends, each equal to one of 

the parallel sides, measures exactly a mile at the inner curb. 
Two athletes lun, one five feet from the inner curb and the 
other ten feet from it. By how much is the second man 
handicapped ? 

20, A boy throws stones with a sling, the sling describing 
a circle with a radius of 4 ft. If the string is whirled at the 
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rate of 3 revolutions a second, at what velocity does a stone 
leave it ? 

21. A well is 40 ft. deep and the axle on which the chain 
is coiled is 7^ in. in diameter. How many turns of the handle 
are necessary to raise the bucket from the bottom to the 
surface ? 

22. The carrying capacity of 9 pipes, each 3 in. in diameter, 
is the same, neglecting friction, as that of one pipe with what 
diameter? 

23. What is the relation between the carrying capacity of 
one 6-inch pipe and two 3-inch pipes when each pipe discharges 
water with a velocity of 80 ft. per minute ? 

24. How many 2-in. flues of an engine will equal in sectional 
area a smokestack 22 in. in diameter ? 

25. A horizontal boiler has 60 tubes, each 2 in. in diameter. 
What must be the diameter of the smokestack, if the rule re- 
quires one whose sectional area equals the combined sectional 
areas of the tubes ? 

26. If, in iron turning, it is customary to allow a cutting 
speed at the rim of 40 ft. per minute, at what speed (revolutions 
per minute) ought the lathe be set for a piece of iron 3 in. in 
diameter ? 

147. The theorem of Pythagoras.* This principle is that 
The square on the hypotenuse of a right-angled triangle 
equals the sum of the squares on the other two sides » 

* This principle is called the Theorem of PytJiagoras after the Greek 
philosopher Pythagoras who is said to have proved it about 500 B.C. It 
was known, for special cases at least, by the Egyptians, who are believed 
to have used it in building the pyramids a long time before the time of 
Pythagoras. He is the first man believed to have given a rigorous proof 
for it. Over seventy proofs have now been worked out for it. 
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^ The truth of it jnay be seen by reference to the 

^^^^■V Q figure. If the four triangles P, Q, R, S, are taken 

L c "T~ away from the whole figure, the square on the hypot- 

\ \ enuse of the shaded right-angled triangle remains. 

^ ^ But these triangles together are evidently equivalent 

to the sum of the rectangles AC and C6. And if 
"b these rectangles are taken away from the whole figure, 
the sum of the squares on the other two sides of the right-angled triangle 
remains, which proves the theorem. 

This theorem is one of the most useful principles of elementary mathe- 
matics, especially in the measurements of distances. 

Example 1. The base and altitude of a right-angled triangle are 8 m. 
and 4 m., respectively. Find the length of the hypotenuse. 
The square on the base =9 sq.m. 
The square on the altitude =16 sq.m. 
Hence, the square on the hypotenuse =9 sq.m.+lO sq.m., or 25 sq.m. 

Therefore, the hypotenuse =|/25 m., or 5 m. 

Example 2. If the hypotenuse of a right-angled triangle is 64 ft. and 
one side 50 ft., what is the length of the other side ? 
The other side =|/64*— 50* ft., or 39.9 ft., approximately. 

PROBLEMS. 

1. The sides including the right angle of a right-angled 
triangle are 5 m. and 12 m. respectively. Find the hypot- 
enuse. 

2. The hypotenuse and one side of a right-angled triangle 
are 100 ft. and 64 ft., respectively. Find the other side. 

3. A baseball diamond is a square 90 ft. on the side. What 
is the distance from first to third base ? 

4. How long is the diagonal of a rectangle which is 48 ft. 
long and 42 ft. wide ? 

6. Can a wheel 8.1 ft. in diameter be taken through a door 
7 ft. high and 4 ft. wide ? 

6. If each of the three sides of a triangle is 30 cm., how long 
is the altitude ? What is the area ? 
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7. A derrick is 48 ft. high, and is supported by three cables, 
each reaching from the top of the derrick to a stake in the 
ground 45 ft. from the foot of the derrick. How much steel 
cable does it take, allowing 10 ft. for fastenings ? 

8. A gable-roof house is 24 feet wide. The distance from 
the plate to the ridge-pole is to be 12 feet. How long must 
the carpenter cut the rafters, if they are to project 1 foot over 
the eaves ? 



9. A surveyor, wishing to determine 
the distance between two points A 
and B which are separated by a lake, 
measures a line AC 250 yards long at 
right angles to AB, and then the 
distance from G to B. CB is found* 
to be 325 yards. What is the distance 
from A to B ? 



10. It is desired to determine the distance between two 
points A and B on opposite sides of a hill. A third point C is 
located from which the directions to A and B form a right 
angle, and the distances CA and CB are measured. If CA»*400 
yd., and CB = 720 yd., find the distance between A and B. 

11. The figure is a diagram of a poly- 
gon whose angles at A and D are right 
angles. The sides are AB = 100ft. ; 
BC=120 ft.; CD = 90 ft.; DE = 140ft; 
EA=150 ft. Find the area. 

Suggestion. Find the lengths of the diag- 
onals EB and EC. Then find the areas of the "* 
three triangles. 

Two forces exerted upon an object at -4, one represented in 
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magnitude and direction by the line A£y and the other by the line 

A (7, have the same effect as a single 
'^ force^ called their resultant^ which is 
represented in magnitude and direc- 
tion by the diagonal AD of the par- 
allelogram AB CD, 

12. If two forces, one of 75 lb. and the other 100 lb., are 
exerted upon an object at right angles to each other, what is 
their resultant ? 

13. One of two forces which act at right angles is 12 lb., and 
their resultant is 15 lb. What is the other force ? 

14. A man swims across a river at the speed of 5 ft. per 
second, and the current carries him down stream at the rate 
of 3 ft. per second. What is his resultant speed through the 
water ? If the stream is 200 yards wide, at what point will he 
reach the opposite bank ? 

15. Find the distance between the lower corner and the 
upper opposite corner of a room 40 ft. long, 24 ft. wide, and 
16 ft. high. 

16. The sides of a right-angled triangle are equal, and the 
hypotenuse is 15 cm. What is the length of the equal sides? 
What is the area ? 

17. At 45° north latitude, what is the surface speed of points 
on the surface of the earth in miles per hour, considering the 
radius of the earth to be 4000 miles ? 

Suggestion. The place moves in a circle whose radius is at right 
angles with the axis of the earth. 

18. How much longer is the side of a square circumscribing 
a circle 4 ft. in diameter than the side of a square inscribed in 
the circle ? 

19. In making an Indian Club, pieces of holly were glued to 
the faces of a piece of gum wood 3 inches square. This was 
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turned in a lathe until the holly produced oblong, oval light 
spots on the surface of the club just touching at the point of 
greatest thickness. What must have been the thickness of 
the holly to avoid waste ? 

20. To ream round holes 4 inches in diameter a square 
reamer is used. Find the dimensions of the reamer. (The 
diagonal is that which reams the holes.) 

148. Measurement of timber. Practical foresters, lumber- 
men, and others have occasion to compute the amounts of 
timber of certain kinds in forests. In practice, to compute the 
amount of lumber that a given tree Avill produce, lumbermen 
make use of fixed rules and tables of values. There are over 
forty of these rules in use in different parts of the country. 
For a full discussion of forest mensuration the student is re- 
ferred to special books on the subject.* 

149. Board measure. In measuring lumber, the unit of 
measure used is the board foot. A board foot is the measure 
of a board 1 ft. long, 1 ft. wide, and 1 in. thick. In measuring 
boards less than an inch thick, the computation is the same .as 
if the boards were an inch thick. 

Thus, a board 1 in. thick, 2 ft. wide, and 16 ft. long, contains 32 board 
feet. A board ^ in. thick, 12 in. wide, and 10 ft. long, contains 10 board 
feet. A joist 8 in. thick, 5 in. wide, and 12 ft. long, can be divided into 
3 pieces, each 1 in. thick, and therefore contains 3 X 12 X 12 board feet, or 
15 board feet. 

A board foot is usually called simply B,foot, Lumber is usually bought 
and sold by the 1000 feet. 

Thus " $8 per M " means $8 per thousand board feet. 

ORAL EXERCISES. 

Sow many hoard feet in each of the following : 
1. A board 1 in. thick, 1 ft. wide, and 8 ft. long? 

* See "The Woodman's Handbook," by Henry Solon Graves, printed 
by the Government Printing Office, Washington, D. C. 
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2. A board 1 in. thick, 8 in. wide, and 12 ft. long? 
8. A board 1 in. thick, 6 in. wide, and 9 ft. long ? 

4. A board ^ in. thick, 12 in. wide, and 3 ft. long? 

5. A board | in. thick, 9 in. wide, and 12 ft. long? 

6. A board 2 in. thick, 1 ft. wide, and 10 ft. long? 

7. A joist 3 in. by 4 in., and 16 ft. long ? 

8. A joist 2 in. by 6 in., and 16 ft. long? 

9. A beam 4 in. by 8 m., and 14 ft. long? 

10. A plank Ij in. by 10 in., and 12 ft. long? 

11. Eight « 3 by 4 " joists, each 15 ft. long? 

12. Twelve joists, each 16 ft. long and 4 in. square? 

13. A stick of timber 18 ft. long and 12 in. square? 

PROBLEMS. 

1. The diagram gives the dimensions 
of the gable end of a house. Allowing 
for a window space of 5x6 sq. ft., how 
many feet of lumber does it take to 
"rough side" it? What does it cost at 
$18 perM? 

2. Regular siding, or " weather board- 
ing," is 5 inches wide, but being over- 
lapped, lies but 3| inches to the weather. Hence ^ is added to 
the number of square feet in estimating the amount of siding 
needed for a house. What will regular siding cost at $28 per 
M for the surface described in Ex. 1 ? 

3. How much lumber is required to floor a barn 40 ft. long 
and 24 ft. wide with 2-inch boards ? 

4. How much 1-inch boarding will it take to build a board 
fence 4 ft.* high and 166 ft. long between two lots? What 
will it cost at $25 per M ? 
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5. A conti-actor, in building a house, bought lumber aa 
follows : 

3000 ft. of rough siding at $22 per M ; 
4000 ft. of weather boarding at $28 per M ; 
1800 ft. of flooring at $60 per M ; 

700 ft. for inside finishing at $35 per M ; 

200 « 3 by 4 " joists, each 12 ft. long, at $25 per M. 

What was the cost ? 

6. Hard wood flooring is quite commonly 3 inches wide with 
a |-inch " tongue and groove." How wide a strip will one board 
cover ? How much must be added to the area of a floor to 
allow for the " tongue and groove " of 3-inch flooring? 

7. Find the cost of 3-inch oak flooring at $60 per M for 
three rooms as follows: 12'xl4'; 15'xl6'; and 18'x20'. 
(Add -i of the area for waste in the tongue and groove.) 

8. A carpenter adds 50^ of the cost of material for laying 
and cleaning the floors, and the painter charges 35 cents per 
square yard for filling and waxing. Find the total cost of the 
floors described in Example 7. 

9. All flooring has the |-inch tongue and groove. What 
allowance must be made for 6-inQh flooring ; L e., what must be 
added to the surface of the floor to find the board feet of 
lumber needed ? 

10. Find the cost of flooring for four bedrooms as follows : 
irxl2'; 10' IX 14'; 12'xl3'i; 14' X 16'. 
Use 6-inch pine flooring (add |) at $24 per M, and add 35^ 
of the cost of material for the work of laying it. 

160. The "Doyle Rule," which is most extensively used 
throughout the country for computing the contents in board 
feet of a log, is as follows : 

Subtract 4 inches from the diameter of the log at the small 
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end ; square one-quarter of the remainder ; and multiply th\ 
result by the lenyth of the log in feet, 

EXERCI8E8. 

Fill out the following chart to show the hoard feet of lumber in 
logs as follows: 



Diameter in inches 


12 
10 


13 

12 


14 

U 


15 
16 


16 

18 


17 18 
20 , 16 


19 

18 


20 

24 


24 


Length in feet 


24 


Number of board ft 





</ 


////// 


' / / / / A 


/ / / / / 


P 











































161. Volume of a rectangular parallelopiped. A rectangular 

parallelopiped 5 in. long, 4 in. high, 
and 3 in. wide, as in the figure, may 
be cut into inch cubes. There will be 
4 layers of cubes, with 3 rows in each 
layer, and 5 cubes in each row. Hence 
the volume, or total number of cubic 
inches, is 4x3x5 cu. in., or 60 cu. in. 
In general, the volume of a rectan- 
gular parallelopiped with length I in., width w in., and height 
h in., is IXtoXh cu. in., or Iwh cu. in. 

The vobime of a rectangular parallelopiped equals the product 
of its three dimensions. 

Since the product of the length by the width equals the area 
of the base, this rule may be expressed thus: (See § 139, 
Note.) 

The volume of a rectangular parallelojjiped equals the product 
of the altitude and the area of the base. 

Note. It is not important that it be shown in this course, but it is 
proved that 

The volume of any parallelopiped equals the product of the altitude 
and the area of the base. 

152. Volume of a prism. The volume of any triangular 
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prism, as prism A, equals half the volume of a parallelepiped 
with the same altitude and double the base. Hence, the 
volume of the prism A equals that of a parallelepiped with the 
same altitude and equal base. 

Any prism may be divided 
into triangular prisms, as in the 
figure Hence, it is clear that 
the volume of any prism equals 
that of a parallelepiped with 
equal altitude and equal base. 
Therefore, 

Tlie volume of any prism equals the product of the altitude 
and the area of the base. 

153. Volume of a pyramid. It is proved in geometry that 
the volume of any pyramid equals one-third of that of a prism 
with equal base and equal altitude. 
This may be verified as follows : 
Make from cardboard a hollow pyr- 
amid and a hollow prism with 
equal base and equal altitude. Fill 
the pyramid three times with sand, 
and pour the contents into the 
prism. The prism will be exactly 
filled. Therefore, 

The volume of any pyramid equals one-third of the product 
of the altitude and the area of the base. 

154. Volume of a frustum of a pyramid. The frustum of 
a pyramid is that portion of the 
pyramid contained between the base 
and a plane parallel to the base. It is 
shown in geometry that the volume 
of a frustum of a pyramid may be 
obtained bv the rule : 
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To the sum of the bases, add the square root of their product^ 
and multiply this sum by one-third the altitude. 

E. g.^ the volume of a frustum whose height is 6 ft., area of lower base 
27 sq. ft., and area of upper base 12 sq. ft., is 



i X 6 X (274-12+1/27x12) cu. ft., or 114 cu. ft. 

PBOBLEMS. 

1. The length of a box is 25 cm., width 20 cm., and volume 
8000 cu. cm. Find the depth. 

2. The wagon box most generally used in hauling dirt is 
9 ft. by 3 ft. by 16 inches. How much dirt will a load contain? 

3. A square vat is 3 m. deep, and it holds 75 cu. m. Find 
its length and width. 

4. A freight car is 36 ft. long, and 8 ft. 6 in. wide, inside 
measure. How many bushels of wheat will it contain if loaded 
to a depth of 5 ft. ? What is the weight of the car of wheat ? 
(A cubic foot is approximately .8 bu. 1 bu. of wheat weighs 
60 lb.) 

6. What is the edge of a cube whose volume is 830.584 
cu. cm. ? 

6. The excavation for a house is to be 40 ft. long, 28 ft. 
wide, ami 6 ft. deep. How many cubic yards (loads) of earth 
must be removed ? What is the cost at 35 cents per cu. yd. ? 

7. A stone-mason furnishes the material and lays a front 
wall 42 feet long, 8 feet high and 16 inches thick at $5.75 per 
cu. yd. Find the cost. 

8. A stone-mason builds 4 pillars, each 3 ft. by 3 ft. by 
1\ feet high, and a front wall 36 feet long, 3 feet high and 
18 inches thick, charging $25 per cord (128 cu. ft.) for the 
work and material. Find the total cost. 

9. How many cords of wood in a rick 4 ft. wide, 16 ft. long, 
and 6 ft. high ? 
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10. How many solid cords of 16-inch wood can be ricked in 
a room 20 ft. long, 18 ft. wide, and 12 ft. high ? 

11. A tank 4 ft. 2 in. long, 3 ft. wide, and 6 ft. 6 in. high 
holds how many gallons? (A gallon = 231 cu. in.) 

12. How many tons of ice can be packed in an ice-house 
40 ft, by 24 ft., and 16 ft. high, allowing 2 ft. on each side and 
above and below for sawdust? (1 cu. ft. weighs 56.25 lb.) 

13. How many square feet of ice must be cut to fill a car 
34 ft. long, 8^ft. wide, 5 layers deep? What will the car 
of ice weigh if it is 14 inches thick ? 

14. An ice-box will hold a piece of ice 32 inches long, 24 
inches wide and 14 inches thick. What will such a piece 
weigh ? 

16. A prism has an altitude of 6 in., and its base is a triangle 
whose sides are each equal to 4 in. What is the volume ? 

16. A cistern in the form of a regular hexagonal prism (the 
base has 6 equal sides and equal angles) is 6 ft. on its basal 
edges and 7 ft. deep. How many gallons does it hold? 

Suggestion. The base may be divided into 6 equal triangles with their 
sides all equal. 

17. How many cubic meters of water could a V-shaped 
gutter discharge (flowing full) in a day, if its depth is 20 cm., 
its sides meet at right angles, and the water flows a meter per 
second ? 

18. In constructing a railroad, a cut is made 373 ft. long, 
12 ft. deep, 30 ft. wide at the bottom, and 40 ft. wide at the 
top. How many cubic yards of excavation are made ? 

19. Find how many tons of coal a bin 20 ft. by 16 ft. by 
8 ft, will hold, allowing 80 cu. ft. to a ton. 

20. How many bricks 2 in. by 4 in. by 8 in. are required to 
build a wall 12 in. thick, 4 ft. high, and 20 ft. long, allowing 
10^ for space occupied by mortar ? 
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21. How much stone is required to construct a dam 300 ft. 
long, 15 ft. high, 10 ft. wide at the bottom and 4 ft. wide at 
the top ? 

22. One of "Cleopatra's Needles," quarried in one piece, 
floated down the Nile, and erected at Heliopolis, Egypt, about 
1500 B. C, is now in Central Park, New York. It is in the 
form of a frustum of a quadrangular pyramid 64 ft. high, 8 ft. 
square at the base, and 5 ft. square at the top, surmounted by 
a pyramid 7 ft. high. This stone is said to weigh 170 lb. per 
cu. ft. Compute the weight of the stone, and thus see what 
gigantic feats were performed in its removal and erection. 

23. A factory chimney is to be constructed in the form of a 
frustum of a pyramid with a square base. The height is to be 
150 ft., and the sides of the bases are to be 10 ft. and 16 ft. respect- 
ively. The flue is 6 ft. square throughout the entire height. 
How many thousands of bricks 2 in. by 4 in. by 8 in. will it 
require, allowing 10^ for mortar ? 

24. A bar of iron whose cross-section is 4 in. square is forged 
into a bar 24 in. long and with a cross-section 2i in. by 1^ in. 
What length of bar must be used ? 

25. A bar of zinc 28 in. long, 2| in. wide, and 1^ in. thick is 
melted into the form of a cube. What is the edge of the cube ? 

26. In a town lot 120 ft. long and 70 ft. wide, a cellar is to 
be dug for a building. Tlie excavation is to be 42 ft. long, 36 
ft. wide, and 8 ft. deep. The earth removed is to be used to 
« fill " the surrounding yard. What will be the depth of the 
filling ? 

27. Find the number of cubic yards of filling needed for a 
railroad embankment 400 ft. long, when its cross-section is a 
trapezoid 10 ft. high, 14 ft. on its lower base, and 8 ft. on its 
upper base. 
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28. A eu. ft. of iron weighs 450 lb. How many pounds 
must be melted to malie a liollow casting with 1-inch walls, 
the extreme dimensions of the casting being 28" X 16" X 12" ? 



A rectangular piece of paper 




155. Surface of a C7llader. 

may be rolled into 
the form of the la- i 
teral Burf.tce of a 
right circular cyl- < 
inder. Hence, it ! 

is evident that ' 

The lateral area 
of a right circular cylinder equals the product of the altitude by 
the circumference of the base. 

166. Volume of a cylinder. A cylinder maybe cut into 

wedge-shaped pieces resembling prisms, as in the figure. 

These prism-like solids have the same altitude as the cylinder, 

and the sum of their 

bases is equal to the 

base of the cylinder. 

If the pieces were 

prisma, the volume 

would be that of a 

single prism whose base 

equals the base of the cylinder and whose altitude equals the 

altitude of the cylinder. This ia proved in geometry to be the 

exact volume. Hence, 

The volume of a cylinder equals the product of the altitude by 
the area of the base. 



157. Surface of a cone. A sector of a circle may be bent 
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into a right circular cone. By the Bame course 
of reasoning as that used iu § 146, it may ba 
seen that 

The lateral area of a right circular cone egucUa 
one-half the product of the slant height by the cir- 
cumference of the base. 

168. Volume of a cone. By dividing a cone 
into parts that resemble pyramids, it is easily 
seen, by the method of reasoning used in § 166, that 

The volume of a cone equals one-third of the product of the 
altitude by the area of the base. 

169. Surface of a sphere. When a sphere is divided by a 
plane into two hemispheres, the plane surfaces thus exposed are 
g}-eat circles of the sphere. 
They have the same radius 
as the sphere. The relation 
between the surfaces of a 
hemisphere and a great 
circle may be inferred from 
the following experiment: 
With a hard cord wind the surface of a hemisphere and of a 
great circle. If carefully done it will be found that it requires 
just twice as much cord to wind the hemisphereas to wind the 
circle. Hence, it will require four times as much to wind the 
surface of the whole sphere as to wind the circle. It is proved 
in geometry that 

The area of the surface ofasphere equals four times the area 
of a great circle. 

Since the area of a circle with radius r equals wr', the area 
of the surface of a sphere with mdius r equals 45rr'. 

ExAMPLR. Tlie flrea of the surface of a sphere with raiUus 5 la. is 
4X8.1416X6' sq. in., or 814.16 sq.ia. 
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160. Volume of a sphere. By drawing three or more planes 
through the centre of a sphere, a 
portion is cut out, which resembles 
a pyramid with altitude equal to 
the radius. The entire sphere may 
be thus divided into a number of 
such solids, the sum of the bases of 
which is the surface of the sphere 
and the common altitude of which is the radius. If these 
parts were pyramids, we see that 

77ie volume of a sphere equals the volume of a pyramid tohose 
base is the surface of the sphere and whose altitude is the radius. 

This is proved in geometry to be the exact volume. 

Since the area of the surface is 47ir', the volume is ^XrX47rr*, 
or Jirr*. 

Example. The volume of a sphere whose radius is 9 cm. equals 
1X8.1416X9* cu. cm., or 8058.6352 cu. cm. 

PBOBLEMS. 

1. The altitude of a cylinder is 6 in. and the radius of its 
base 2 in. Find its lateral area. Its total area. Its volume. 

2. The volume of a cylinder is 2772 cu. cm. and its altitude 
12 cm. Find its lateral area*to one decimal place. 

3. What must be the height of a tomato can to hold a 
quart (57.75 cu. in.) if its diameter is 4 in. ? 

4. The volume of an irregularly shaped object may be found 
by submerging it in a cylindrical vessel of water. When a 
stone is submerged in a cylindrical vessel 8 in. in diameter, the 
level of the water rises 4 in. Find the volume of the stone. 

5. How many cubic yards of earth must be removed to dig 
a cistern 9 ft. in diameter and 10 ft. deep ? 

6. The cross-section of a tunnel is in the form of a square 
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with a side 16 ft^ surmounted by a semicircle. The tunnel is 
132 yards long. How many cubic yards of earth are removed 
in its construction ? 

7. An oil tank is 6 ft. in diameter and 15 ft. 3 in. long. How 
many gallons does it hold ? (1 cu. ft. = 7.48 gallons, approx.) 

8. What is the cost of cementing the side and bottom of a 
well 4 ft. 8 in. in diameter, and 30 ft. deep, at 45 cents per 
sq. ft. ? 

9. A boiler has 200 tubes 10 ft. long and 3 in. inside dia- 
meter, conveying the heat through the water. What is the 
area of the inside tube-heating surface ? 

10. A zinc disc, 8 in. in diameter, with a hole 1 in. in diameter 
in it, weighs 8 oz. Find its thickness. Use .26 lb. for the 
weight of 1 cu. in. 

11. A cylinder 4 ft. 6 in. long and 1 ft. 4 in. in diameter is 
turned up in a lathe. The surface moves at the rate of 15 ft. a 
minute. The edge of the cutting tool is -j^^ in. wide. How 
long will it take to turn up the whole cylinder ? 

12. A wooden cylinder is turned up on a lathe from a block 
6 in. square. What part of the wood is cut away ? 

13. A pyramid with the base 15 cm. square is trimmed down 
to the largest possible cone. How much is the volume reduced ? 

14. A hollow cast-iron cylinder is to weigh just 100 pounds. 
It is to be 18 inches long with an inside diameter of 4 inches. 
How thick will it be? A cubic inch of cast-iron weighs .26 lb. 

15. A brass tube whose inner diameter is 2 inches and outer 
diameter 3 inches is run from 50 lb. of brass. How long is 
it? A cubic inch of brass weighs .303 lb. 

16. The piston of a pump is 8 in. in diameter, and makes a 
stroke of 20 in. How many gallons of water will it deliver in 
an hour, if it makes 30 strokes a minute ? (231 cu. in. = 1 gal.) 
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17. By the method of § 157, the lateral area of a frustum of 
a right circular cone is seen to equal the product of the slant 
height by half of the sum of the circumferences of the bases. 
Find the lateral area of a frustum whose slant height is 3 ft., 
and the radii of whose upper and lower bases are 2 ft. and 4 ft., 
respectively. 

18. How much galvanized iron is required to make a funnel 
with the radii of top and bottom 6 in. and 1 in., respectively, 
and slant height 10 in. ? 

19. It is proved in geometry that the volume of a frustum 
of a cone is obtained bv the same rule as the volume of a 
frustum of a pyramid. (See § 154.) Find the volume of the 
frustum described in Ex. 17. 

20. A bucket is 12 in. wide at the top and 8 in. wide at the 
bottom, and is 10 in. deep. How many gallons of water will 
it hold ? 

21. A round tank is 8 ft. wide at the top, 10 ft. at the bottom, 
and 10 ft. deep. How many gallons will it hold ? 

22. A contractor builds a cement cistern in the shape of a 
cylinder 10 ft. wide and 8 ft. high, surmounted by the frustum 
of a cone 18 in. in diameter at the top and 4 ft. high. How 
many gallons does it hold ? How much cement is required, if 
the wall and floor are 8 in. thick ? 

23. A cubic foot of ivory weighs 114 lb. What is the weight 
of a billiard ball 2 in. in diameter ? 

24. A hollow spherical steel shell is 1 in. thick, and its out- 
side diameter 10 in. Steel weighs 7.8 times as much as water, 
and a cu. ft. of water weighs about 1000 oz. Find the weight of 
the shell in pounds. 

25. Two spheres of lead, of radii 2 in. and 4 in., respectively, 
are melted and recast into a solid cylinder of height 6 in. 
Show that the surface exposed is unchanged in amount. 
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26. Find the weight of a cast-iron spherical shell one inch 
thick and whose inside diameter is 7 inches, one cubic foot of 
cast-iron weighing 450 lb. 

27. A cylindrical tank for supplying water to a locomotive 
is 24 ft. in diameter and 16 ft. high. Find its capacity in 
gallons. (7| gallons =*1 cu. ft.) 

28. A hollow sphere of brass is found to weigh 50 1l. its 
external diameter is 10 in. What is its inside diameter? Its 
thickness ? (1 cu. in. of brass weighs .303 lb.) 

29. Three oil cans are of the same height. Two of them are 
each 10 inches in diameter and the other 15 inches. Compare 
the capacity of the large one with that of the other two. 

30. A drum head 21 inches in diameter is cut from a sheet 
of |-inch steel plate 22 inches square. What is the weight of 
the steel cut off? (|-inch steel plate weighs 15.3 lb. per 
square foot) 

81. A 38-ft tank car has a tank 93 inches inside diameter 
and 34 feet long. How many gallons will it contain ? (231 
cu. in «= 1 gal.) 

32. Find the weight of a block of steel 
4 inches by 8 inches by 14 inches, from 
which a half-round 3-inch groove is cut. 
It also contains 4 1^-inch holes as shown in 
the figure. (A cubic inch of steel weighs 
.283 lb.) 




CHAPTER V. 

SOME APPLICATIONS OP RATIO, PROPORTION, AND 

VARIATION. 

161. Ratio, proportion, and variation are very closely related 
subjects. Many of the problems of business really involve 
proportion. In fact, years ago proportion (often called the 
"Rule of Three") was used in solving most of the applied 
problems of arithmetic. In this chapter, however, ratio, 
proportion and variation will be applied only to certain kinds 
of problems in practical geometry and physical science. 

162. Ratio. When one number is divided by another 
number of the same kind, the quotient is called the ratio 
of the two numbers. 

For example, the ratio of 12ft. to 4 ft. is 12 ft. -f- 4 ft., or 3. Similarly, 
the ratio of 5 lb. to 7 lb. is 5 lb. -t- 7 lb., or ?. 

A ratio is always an abstract number. 

The ratio of a to ft may be expressed by any of the notations 
used to express a quotient. Thus, the ratio of a to ft may be 

written either ^, a : ft, a -4- ft, or a/b. Of these, the first two are 
most commonly used. 

EXERCISES. 

Find the ratios of the following : 

1. 64 to 16. 4. 7 in. to 14 in. 

2. 9 to 12. 5. 6 yd. to 2 yd. 

3. I to f . 6. 400 cm. to 8 cm. 

169 



170 

7. 16 oz. to 22 oz. 

8. 3 mi. to 450 ft 

9. *4.50 to $30. 

10. 12 cu. ft. to 16 cu. ft. 
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11. 125 sq. m. to 5 sq. m. 

12. 160 sq. rd. to 4 acres. 

13. $3.25 to $4.20. 

14. 3| lb. to 12 oz. 



16. The circumference of a circle to the diameter; to the 
radius. 

16. The volume of a prism to that of a pyramid with equal 
base and altitude. 

17. The diagonal of a square to one side. 

18. The area of a circle with diameter 12 in. to that of a 
square with side 12 in. 

163. Application of ratio to specific gravity. The specific 
gramty oi a substance is the ratio of the weight of that 
substance to the weight of an equal volume of some substance 
taken as a standard. For the specific gravity of solids and 
liquids, distilled water is usually taken as the standard 
substance. For gases, either air or hydrogen is taken as the 

standard. 

Thus, the ratio of the weight of a cubic inch of lead to the weight of a 
cubic inch of distilled water is 11.3. That is, the specific (/ravity of lead is 
11.3. Likewise, the ratio of the weight of a cu. yd. of oxygen to the 
weight of acu. yd. of air is 1.11. That is, the specific gravity of oxygen, 
referred to air, is 1.11. 

The following specific gravities of substances have been 
found by experiment : 

SPECIFIC GRAVITIES, REFERRED TO WATER. 



Platinum 22. 


Brass 


8.4. 


Sulphuric Ac 


id 1.84. 


Gold 19.3. 


Steel 


7.8. 


Sea water 


1.025. 


Mercury 13.6. 


Tin 


7.3. 


Linseed oil 


0.94. 


Lead 11.3. 


Zinc 


7.2. 


Ice 


0.93. 


Silver 10.5. 


Cast-iron 


7. 


Alcohol 


0.79. 


Bronze 8.9. 


Granite 


2.7. 


Petroleum 


0.7. 


Nickel 8.9. 


Glass 


2.5. 


Oak 


0.6. 


Copper 8.9. 


Sulphur 


2. 


Cork 


0.24. 
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SPECIFIC GRAVITIES, REFERRED TO AIR. 
Chlorine gas 2.24. Oxygen 1.11. Coal gas 0.42. Hydrogen 0.07 

The primary unit of weight in the metric system is the gram. 
It is the weight of 1 cu. em. of distilled water at maximum 
density. It is equivalent to 0.035 ounce. A cu. dm. (also 
called a liter) of distilled water weighs 1000 gm. or a kilogram. 
(Why?) A cu. m. of distilled water weighs 1000 Kgm-, 
called a metric ton. 

Note. — Instead of the term specific gravity , the scientist uses the term 
density. Density is the weight of a unit volume of a substance. The unit 
of volume, in science, is the cubic centimeter, and the unit of weight, the 
gram. Hence the number of grams of density of a substance is the number 
that expresses the specific gravity of that substance. 

The following weights are given for convenient reference : 

WEIGHTS OF AIR AND WATER. 

1 cu. cm. of air weighs 0.001293 gram. 1 cu. cm. of water weighs 1 
gram. 1 cu. ft. of water weighs about 62.5 lb., or about 1000 oz. 

Example. Find the weight of 3 cu. ft. of steel. 
1 cu. ft. of water weighs 62.5 lb. 
Hence, 1 cu. ft. of steel weighs 7.8 X 62.5 lb. 
Hence, 8 cu. ft. of steel weigh 3 X 7.8 X 62.5 lb., or 1462.5 lb. 

PROBLEMS. 

1. What is the weight of a cubic foot of lead ? Of cast-iron ? 

2. What is the weight of 5 cu. ft. of granite? Of 10 cu. ft. of 
oak? 

3. What is the weight of 1 cu. ft. of copper ? Of glass ? Of 
bronze ? 

4. What is the weight of 1 cu. in. of gold? Of silver? 01 
platinum ? 

6. What is the weight of 3 cu. in. of mercury ? Of 12 cu. in. 
of nickel ? 
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6. A piece of zinc weighs 1125 lb. How many cm ft. are 
there ? 

7. How many cu. ft. of glass weigh 1572.5 lb. ? 

8. Find the weight of 1 cu. yd. of cork. Of sulphur. 

9. Find the weight of 10 gal. of sea- water. 

10. Find the weight of 1 gal. of alcohol. Of 1 gal. of 
petroleum. 

11. What is the weight of a block of ice 12 in. thick, 18 in. 
wide, and 36 in. long ? 

12. How many tons of ice will an ice-house hold that is 24' 
by 30' by 20', allowing 2^ ft. on all sides and above and below 
for sawdust ? 

13. What is the weight of 2000 cu. cm. of oxygen ? Of 175 
cu. cm. of chlorine gas? Of 500 cu. cm. of coal gas? Of 1000 
cu. cm. of hydrogen ? 

14. What is the specific gravity of chlorine gas, referred to 
hydrogen as a standard? Of oxygen? Of coal gas? Of 
air? 

15. The specific gravity of good milk is 1.032. If 520 cu. 
cm. of the milk taken from a can in a certain dairy wagon are 
found by the inspector to weigh 532 grams, is the milk 
good? 

16. If 40 cu. cm. of sodium are found to weigh 38.87 grams, 
find the density of sodium. 

17. One cubic foot of a certain kind of limestone is found to 
weigh 187.5 lb. What is the specific gravity ? 

18. How many ounces of alcohol will a " two-ounce *' bottle 
hold? 

19. How many grams of mercury in a glass tube whose 
cross-sectional area is 1 sq. cm. and length 20 cm. ? 
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20. A barometer consists of a glass tube sealed 
at the upper end and held in an upright position 
with the open end under the surface of mercury 
in a dish. The air is first removed from the 
tube, leaving a vacuum above the mercury. The 
weight or pressure of the atmosphere upon the 
surface of the mercury in the dish forces the 
mercury up into the tube. By measuring the 
height to which the mercury rises the atmos- 
pheric pressure is determined. What is the 
atmospheric pressure in grams per sq. cm. when 
the mercury stands 72 cm. high? How many 
pounds is this per sq. in. ? 

21. To what depth will a rectangular oak beam a foot square 
and 10 feet long sink in water? (It will sink until it displaces 
an amount of water whose weight equals the weight of the 
whole beam.) 

22. How many yards of copper wire ^ inch in diameter in 
a roll that weighs 260 lb. ? 

23. Find the weight per foot of a lead pipe of 1^ in. bore 
and y\ in. thick. 

24. Find the weight of a cast-iron pipe 1.3 ft. long, of 10-in. 
radius, and | in. thick. 

25. V/hat is the weight of a hollow steel pillar 10 ft. long, 
whose external diameter is 5 in., and internal diameter 4 in. ? 
What is the diameter of a solid pillar of the same weight and 
length ? 

26. A hollow sphere of brass is found to weigh 50 lb. Its 
external diameter is 10 in. What is its internal diameter ? 

27. A grindstone when new is 6 ft. in diameter and has a 
14 in. face. What has it lost in weight when it is worn down 
2 inches ? (The specific gravity of sandstone is 2.42.) 
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28. What weight of brass is cut off in turning a piece 1 in. 
in diametto" and 1 ft. long from a bar IJ in. square and 1ft. long? 

29. A tiiiik car hiis a tank 7 ft. 9 in. inside diameter and 
34 ft. long. What weiglit of petroleum will it carry? , 

30. A track tank 7 in. deep, 19 iu. wide, and 1200 feet long 
(inside measures) is made of ^g in. steel plate. Find its weight, 
no allowance being made for laps, joints, rivets or stiffening. 
(The tank is open the entire length at the top to allow the 
tenderscoop to take water while the train is in motion.) 

164. Application of ratio to ezpansjon of materials. Most 
substances, when heated, expand. Consequently, the amount 
of rise or fall of temperatui-e may be measured by measuring 
the amount of expansion or conti-aetion of a substance, such 
as mercury. 

TLis principle is applied in tbe use of tbe mercurial 
tlierniometcr, wliicli is a sealed glass tube coDttiiiiiDg mer- 
cury and wilh a scale marke<l on it. Tbere are two kinds 
of tlierraomcler scales in common use: tlw FahrenhBit, and 
tlic Centigrade. In tLe Cenligra'de scale, Ihe freezing point 
of water is marked 0°, and tlie boiling point 100° ; in tlie 
FuLionlicit scale, tbe freezing point of water is marked 
82°, and the boiling point 213°. Hence. 180°F are equal 
to IWC. 

Degrees above on each scale are usually indicated by tbe 
plus sign ; below, by the minus sign. Thus, 70° above zero, 
Fabrenheit, is written +70°F; and tS" below zero. Centi- 
grade, ~12°C. 

It is easily seen that readings on tbe Centigrade scale may 
be converted into readings on the Fahrenheit scale, and vice 
versa, by the formulffi: 
F= f C+33, and 0= S (F-33). 

For example, if C^-10', F=-tXlO°+82°, or +W; it 
F=-f59°, C=S (SO'-aa-), or -1-15°. 

When a substance, such as a steel rod, is heated through 
any number of degrees of temperature, the amount by which 



Aluminum 


2.34. 


Silver 


1.94. 


Copper 


1.79. 


Tin 


2.27. 


Gold 


1.45. 


Zinc 


2.9. 


Iron 


1.2. 


Brass 


1.87. 


Lead 


2.95. 


Steel 


1.11. 
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it increases in length depends upon its original length. The 
ratio of the increase in length of a substance to the initial 
length, for a rise in temperature of 1° C, is called the coefficient 
of linear expansion of the substance. The following coefficients 
of linear expansion of substances have been found by measure- 
ments : 

COEFFICIENTS OF LINEAR EXPANSION. 

Divide each of the numbers by 100,000 to get the true coefficient. 

Slate 1.04. 

2.27. Oak (across fibre) 5.4. 
Oak (along fibre) 0.5. 
Glass 0.9. 

Platinum 0.9. 

The ratio of the increase in volume of a substance to the 
initial volume, for a rise in temperature of 1°C, is called the 
coefficient of cubical expansion of the substance. The co- 
efficient of cubical expansion is three times the coefficient of 
linear expansion. 

Note. If a unit cube. i. e., a cube whose edge isl unit, of a substance 
whose coefficient of linear expansion is a, be heated V\ its edge will 
be 1+a units. By algebra, (l+a)3=l+3a4-3a'*+a^ the volume. Since 
the coefficient of linear expansion a is a very small fraction, 3a* and a^ 
are so very small that they may be neglected, and the increase in volume 
be considered 3a. Hence, the coefficient of cubical expansion is taken to be 
three times the coefficient of linear expansion. 

The values for some substances not obtainable from the 
above table are : 

COEFFICIENTS OF CUBICAL EXPANSION. 

Divide each of these numbers (which hold between OX^ and 100°C) by 
1000. 

Alcohol 1.2G. Olive oil 0.8. Pure water 0.43. 

Mercury 0,18, Petroleum 1.04. Sea-water. 0.5. 
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PBOBLEMS. 

1. Metal consisting of 3 parts tin, 5 lead, and 8 bismuth, 
fuses at 212° F. Metal consisting of 4 parts tin, 4 lead, and 1 
bismuth, fuses at 263° F. Metal consisting of 3 parts tin, 
2 lead, fuses at 275° F ; 1 part tin, 1 lead, fuses at 304° F ; 
1 part tin, 2 lead, fuses at 361°F. Convert these fusing points 
into the Centigrade scale. 

2. What is the difference in temperature between 64*^F and 
64°C ? Between 49.78°C and 89.6°F ? 

3. Express on the Centigrade scale the following melting 
points : lead, + 680°F ; mercury, — 38.99°F. In the Fahren- 
heit scale: aluminum, 700°C; gold, 1100°C; steel, 1400°C. 

4. Express on the Fahrenheit scale the following boiling 
points: alcohol, -f78°C; ether, +35°C; mercury, -f-357°C; 
sulphuric acid, 338°C; tin, 1500° C; turpentine, 160°C. 

6. A copper wire 20 ft. long at 0°C has what length at 30°C? 

6. A sheet of aluminum 1.5 in. wide at 28°C is how wide 
at 42°C ? 

7. A lead pipe 1.25 in. in diameter at 212°F will have what 
diameter at 80°F ? 

8. A platinum wire is used to convey the electrical current 
through the glass wall in an incandescent light bulb. Why ? 
Why not use copper? 

9. A steel connecting-rod is 12 ft. long at 10°C. What is 
the increase of length at 80°C? 

10. An iron pump rod is 1000 ft. long. What is its change 
of length for a change of 18°F? 

11. The temperature in a certain region varies from — 10°F 
in winter to + 110°F in summer. Tf the steel rails of a rail- 
road through the region are laid when the temperature is + 50°, 
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and the rails are 28 ft. long, how much space should be left 
between them at the joints to allow for expansion ? 

12. If the slates on a roof are 10 inches wide at 72°F, which 
is the temperature when laid, what space must be left between 
them to allow for a rise of 80°F ? 

13. An oak board is 2 in. thick, 6 in. wide, and 12 ft. long, 
at 42°C. What are the dimensions at 65°C ? 

14. The pendulum of a clock is of brass, and 10 in. long at 
70°F. What is its length at 40°F ? 

16. The girder of a steel bridge is not fastened at the end 
because of expansion due to change of temperature. If the 
bridge is 68 ft. long, how much does it contract with a fall of 
45°C? 

16. If 5 cu. cm. of silver are heated through a temperature 
of 60°C, what will be the resulting volume? 5 cu. cm. of 
zinc ? 5 cu. cm. of tin ? 

17. If a sphere of lead contains 425 cu. in. at 20°C, what is 
its volume at 100°C ? 

165. Proportion. The expression of equality of two ratios 
is called a proportion. 

The proportion a/b = c/d is often written also a:b = c: d. 
The form a:b: :c:d \s not now used as much as formerly. 

In the proportion a\b — c\d^ a^b^c^d are called the terms, 
a and d being the extremes, and b and c the means. 

166. Principles in proportion. By multiplying or dividing 
equals, it is easily shown that the following principles in pro- 
portion are true : 

I. The product of the extremes equals the j)roduct of the means. 
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Thus ml=i, multiplying each ratio by 18, 2x6=3x4; in ^=^. 

ad = bc\ inar:5 = 24:15, 15j- = 120. 

II. Either extreme equals the product of the means divided by 
the other extreme. 

Thus, in ^=j^, multiplyingby 5. 4=:''^-^;ini-.3 = 12:18. ^=?^, 

or 2. 

III. Either 7nean equals the product of the extremes divided by 

the other mean. 

Thus, in %=% 4x3 = 2x6, and hence dividing by 3, 4=?^. In 
o o o 

n-24' »--2r'°'^- 

Note. — If the terms of a proportion are concrete numbers, so that the 
above principles imply multiplying by a concrete number, the difficulty is 
avoided by making each term of either ratio abstract. E. g., 

JP^- lf ?^^! - is equivalent to :^=^, each ratio being abstract. 
$12 24 books 12 24 ° 

167. If a:b = c:d, a and b are said to be directly propor- 
tional to c and d. 

168. li a:b = d:c, a and b are said to be inversely propor- 
tional to c and d, 

EXERCISES. 

1. Find the value of ar, if (a) a::2 = 50: 10; (^) a?: 21 = 5 : 4; 
(c) 4 : a; = 12 : 3. 

2. Find the value of F, if (a) Feu. cm. :7 cu.cm. =9:2; 
(b) 6 : 2.5 = F: 5 ; (c) 2 lb. : 15 lb. = 3 cu. cm. : F cu. cm. 

3. Find the value of t, if (a) 6 sec. : t sec. = 20 cm. : 4 cm. ; 
(b) 100 ft. : 24 ft. = ^ sec : 2 sec. ; (c) .05 : 2 = 4.25 : t. 

4. Find the value of a, if («) 8 : a = a : 2 ; (b) 3:a = a: 12. 

6. Are 2 and 6 directly proportional to 5 and 15 ? Are 20 
and 4 directly proportional to 5 and 2 ? Why ? 

6. Are 12 and 8 inversely proportional to 24 and 36? Are 4 
and 96 inversely proportional to 164 and 7 ? 
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169. Applications of proportion to simple machines. In 

every simple machine there are two forces involved : the 
resistance, or force to be overcome, and the effort, or force 
necessary to overcome the resistance. The relation between 
the resistance and effort depends upon the nature of the 
machine and upon the dimensions of its parts. 

I. The lever. In the lever^ the resistance TFand the effort 

TF' are applied at different points of a rigid bar which revolves 

freely about a point of support called the fulcrum. There are 

three classes of the lever as shown in the figures. The dis- 

W 






W 

tances / and l\ from the fulcrum to the points of the lever 

where the resistance and effort, respectively, are applied are 

called the arms of the lever. It is shown that 

The resistance and effort are in^^ersely proportional to their 

distances from tlie fulcrum ; that is^ W: W =^V :l. 

The beam balance, common steel-yard, scissors, pincers, crow-bar, etc., 
are familiar examples of levers. 

II. Wheel and axle. This consists of a 
wheel and cylinder constituting a rigid body, 
and revolving about the same axis. The 
effort W is applied to the circumference of 
the wheel, and the resistance W to that of 
the cylinder by means of a cable winding 
around it in a direction opposite to the 
motion of the wheel. It is shown that 

The resistance and effort are inversehf pro- 
portional to the radii of the cylinder and wheeh 
respectiveh/ ; that is^ W: W = r':r. 

The windlass and capstan are familiar examples of the wheel and axle. 
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Modifications of the wheel and axle are wheels on separate 
ixes, the motion being transmitted by means of belts, or by 
means of teeth in the circumferences of the wheels. 

III. The inclined plane. The inclined plane is a surface in- 
clined at an angle to a horizontal surface. The weight W of 

an object on an inclined plane 
tends to cause the object to 
move down the incline. 
The force, or effort TF', ex- 
erted up the incline, and suf- 
ficient to hold the object in 
position, depends upon the relation of the length I to the 
height h of the incline. It is shown that 

The weight and effort are directly projyortional to the length 
and height of the incline ; that is^ W: W —l:h, 

IV. The screw. The screw 
is a particular form of the 
inclined plane. This can be 
/ seen by winding a trian- 
gular piece of paper about a 
cylinder as shown in the 
figure. The distance be- 
tween two consecutive 
threads is called the pitch 
of the screw. The effort 
is applied at the end of a lever. The relation between the re- 
sistance W and the effort W is the same as for the inclined 
plane. If the pitch is d^ and the lever arm Z, it is shown that 
The weight and effort are directly proportional to the distance 
traversed by the effort in one revolution and the pitch of the 
screw ; that is^W: W —Girled, 

The screw is used for overcoming great resistances, such as raising build- 
ings, propelling ships, in the letter-press, etc. 
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SXEKCISES. 

1. What effort is required to lift a weight of 800 lb. by 
means of a lever of which the weight-arm is 6 in. and the 
effort-arm 2 ft. 6 in. ? 

2. A safety-valve of an engine consists of a circular hole, 
^ in. in diameter, closed by a plunger attached to a light hori- 
zontal hinged bar 1 in. from the hinge. A weight of 1 lb. 
slides- on the bar. How far from the hinge must it be set if 
the steam is to blow off at 100 lb. on the square inch ? 

3. A pump handle is 3 ft. 8 in. long, and works on a pivot 
4 in. from the end attached to the pump rod. What force is 
applied to the pump rod when the handle is pushed down with 
a force of 10 lb. weight? 

4. An oarsman, in rowing, uses an oar with which the dis- 
tance from the rowlock to the water is 3 times the distance 
from the hand to the rowlock. What is the propelling force, 
if he pulls with a force of 48 lb. ? 

5. A man lifts a 1000-pound stone by means of a crow-bar. 
The point of the crow-bar is placed under the edge of the 
stone, and a small stone for fulcrum is placed 10 in. back from 
it. The crow-bar is grasped at a distance of 6 ft. 8 in. from 
the fulcrum. What force is exerted in lifting the stone ? 

6. Two children play " see-saw." One weighing 80 lb. sits 
6 ft. from the point of support of the board, and the other 5 ft. 
Find the weight of the second child. 

7. The length of the handles of a wheel-barrow is 6 ft., and 
the center of gravity of a load of 275 lb. is 18 in. from the hub 
of the wheel. What force is required to lift it? 

8. The crank to the windlass of a well is 18 in. long, and 
the cylinder upon which the rope is wound, 9 in. in diameter. 
What force is necessary to lift from the well a bucket of water 
weighing 48 lb. ? 
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9. Two men working at a capstan walk 
in a circle 8 ft. in diameter, and each exerts 
a force of 60 lb. With each turn of the 
capstan 2 ft. of rope are pulled in. What 
pull is exerted along the rope ? 

10. A horse walking in a circle 15 ft. in 
diameter moves a house by means of a capstan 18 in. in diam- 
eter. The horse exerts a pull of 1200 lb. What is the resist- 
ance of the house ? 

11. A stone weighing 756 lb. is 
lifted into place in a wall by means 
of a cable wound round an axle of 
5 in. radius. To the axle is rig- 
idly attached a toothed wheel 20 
in. in radius which is driven by an- 
other toothed wheel 4 in. in radius. 
The latter wheel is turned by 
means of a crank 18 in. long. 
How much force must be applied to the crank ? 

12. A shaft has upon it two pulleys. The small one is 8 
inches in diameter and drives machinery with a resistance of 
196 lb. The shaft is turned by the other pulley, which is 22 
inches in diameter. What effort must be applied to the large 
pulley ? 

13. If the wheels of an electric car are 2 ft., the axle cog- 
wheel 8 in., and the cog-wheel attached to the motor 12 in. in 
diameter, and if the resistance of the car is 1260 lb., what force 
must the motor supply to move the car ? 

14. There are four pulleys on a shaft driven by a fifth 
pulley. The driving pulley is 36 in. in diameter, and the 
others are 12 in, 10 in., 8 in., and 6 in. in diameter, respect 
ively. The latter drive machinery with resistances of 50 lb., 
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36 lb., 48 lb., and 30 lb., respectively. What force must be 
communicated to the large pulley ? 

15. The current of water strikes an over-shot water wheel 
with a force of 500 lb. On the shaft of this wheel, which is 
8 ft. in diameter, is a pulley 2 ft. in diameter. The latter is 
connected by a belt to another pulley which turns a long shaft 
bearing many pulleys in a mill. How much force is com- 
municated to this shaft ? 

16. The drive wheel of a certain lawn-mower is 10 in. in 
diameter, and contains 64 teeth. The little ratchet wheel, 
which propels the blades and which is driven by the first 
wheel, contains 10 teeth. The blades describe circles 6 in. in 
diameter. By how much is the effort applied to the drive 
wheel reduced at the blades ? 

17. The drive- wheel of a locomotive 6 ft. in diameter has 
the connecting rod attached to a pivot 8 in. from the axle. 
What is the maximum force that tends to move the engine 
forward, if the force along the connecting rod due to the steam 
is 25000 lb. ? 

18. If a barrel weighs 200 lb., what force is required to roll 
it up an incline 8 ft. long into a wagon 3 ft. high ? If it 
weighs 240 lb. ? 

19. If a stone weighs 850 lb., what force is required to pull 
it on rollers up an incline 12 ft. long, and place it upon a 
wagon 30 in. high ? 

20. What force is required to pull a loaded wagon weighing 
3800 lb. up a slope 30 ft. high and 105 ft. long, neglecting 
friction ? 

21. A car weighing 15 tons stands on an inclined track 10 
times as long as it is higli. With what force does it tend to 
run down the track ? 

22 Ice is pulled up an incline 50 ft. long and 20 ft. high, 
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into an ice-house. What force, neglecting friction, is necessary 
to pull up a block weighing 200 lb.? 

23. Shavings from a spoke mill are carried up an incline 40 
ft. long to a height of 10 ft. by means of a belt with slats on 
it, and thrown into wagons. If the shavings weigh 12 lb. to 
10 ft. of the carrier, what force due to the shavings alone is 
required to run the carrier ? 

24. The wheel of a letter-press is 14 in. in diameter, and the 
screw advances \ in. at each turn of the wheel. What pres- 
sure will a force of 15 lb. at the wheel exert upon the articles 
in the press ? 

25. A jack-screw whose pitch is ^ in. is operated by a lever 
24 in. long. What force is required to lift the corner of a 
house with it, if the weight is 3 tons ? 

26. If the pitch of a jack-screw is | in., and the lever arm 
30 in., what weight may be lifted by .it with a force of 100 lb. ? 

27. Two iron bars are bolted together by a bolt of which the 
distance between the threads is ^ inch. If the tap is tight- 
ened by means of a wrench of which the handle is 14 inches 
long, with a force of 25 lb., what is the strain on the threads ? 
Neglect friction. 

28. A carpenter wishes to make a JDench- vise having a screw 
with a pitch of | inch, and a lever of such length that a force 
of 10 lb, applied at the lever will cause a pressure of 2200 lb. 
on a block in the vise. How long must the lever be ? 

29. The wheel of an endless screw 
which has 4 teeth to the inch, is 24 
inches in diameter and the axle 4 inches. 
The crank of the screw is 15 inches 
long. What resistance will the ma- 
chine overcome, if a force of 40 lb. is 
cb applied at the crank ? What resistance 

will the same machine overcome if the crank of the screw is 
20 in. and the effort 75 lb. ? 
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170. Application of proportion to similar figures. Two 

figures, such as two squares, two tri- 
angles whose angles are respect- 
ively equal, two circles, two cubes, 
two spheres, etc., which have the 

same shape are called similar. In bZ \o E^ 

geometry it is shown that in two 
similar figures : 

I. T^co corresponding lines are proportional to any other two 
corresponding lines ; 

II. The areas are proportional to the squares on any two cor- 
responding lines ; 

IIL The volumes are proportional to the cubes on any two 
corresponding lines. 

Example. The base and altitude of a triangle are 8 in. and 6 in. , re- 
spectively, and the base of a similar triangle is 12 in. Find its altitude. 

"We have x in. : 6 in. =12 in. : 8 in. 
Hence, x in. = in., or 9 in. 

Proportion is involved in the drawing to a scale of maps, plans 
for buildings, machine designs, etc. The map or plan of a 
thing is similar to the thing represented. Thus, the distances 
between points on a map of the United States are proportional 
to the actual distances on the earth's surface which they 
represent. 

PH.OBLEMS. 

1. Two corresponding sides of two similar triangles are 4 ft. 
and 12 ft., respectively. The other two sides of the first tri- 
angle are 5 ft. and 6 ft. Find the corresponding sides of the 
second triangle. 

2. Two corresponding sides of two similar triangles are 18 
yd. and 26 yd., respectively, and the area of the first is 104 sq. 
yd. Find the area of the second. 
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3. The diameters of two spherical steel balls are 6 in. and 8 
in., respectively. If tlie smaller weighs approximately 31.87 
lb., what is the weight of the larger? 

4. Of two similar iron castings, the smaller weighs 128 lb. 
Their lengths are 20 in. and 32 in., respectively. Find the 
weight of the larger. 

A 6. Sailors and others use the 
following method of estimating 
the distance DA to an object A. 

B With the left eye closed, the 
finger is pointed, at arm's length, towards A. Then the right 
eye is closed and the left eye. opened, when the object appears 
to have moved through "the distance AB. The distance AB, 
being at right angles to the line of sight, is estimated. The 
distance CD between the eyes of the average person is 3.1 in., 
and the distance DO to the end of the finger 31 in. If AB is 
500 ft., what is the distance to A ? If AB is apparently 12 ft.? 
Estimate in this way the distances to objects about you. 

6. A rod 6 ft. high casts a shadow 4 ft. 6 in. long, and at the 
same time a tree casts a shadow 51 ft. long. How high is the 
tree? 

7. In the 16th Century the distance from A to the inacces- 

sible point B was determined by erecting a 
1>v.. vertical staff AC, and placing upon this 

"^•vy, an instrument resembling a carpenter's 
" — A^^^^^^^^ square, directing one arm towards B, and 

noting on the ground the point D toward 
which the other arm pointed. By measuring AC and DA, and 
using similar triangles, AB was estimated. If AC = 5 ft. and 
DA = 6 in., wiiat is AB? If AC = 6 ft. and DA =4 in., what is 
AB? 
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8. In the annexed 
figure of a "dia- 
gonal scale," which 
is used in measuring 
or laying off very 
short distances, AB 
is an inch. Show- 
how, by means of 
this scale and a pair 

of compasses, to lay off 0.1 in. ; 0.3 in. ; 0.5 in. ; 0.15 in. ; 0.37 
in.; 1.23 in. 

9. In forestry, when shadows cannot 
be used, the height AB of a tree is 
found as follows : A staff is held in an 
upright position CD. A man at S sights 
across the staff to the foot and to the top 
of the tree. An assistant notes the points 
C and D where the lines of vision cross 
the staff, and measures CD. The distance 
SE and SF are measured. If CD = 4 ft., SE = 3 ft., and SF=49 
ft. 6 in., find A B. If CD =4 ft. 2in.,SE=2ft.8in.,and SF=37 
ft. 5 in., find AB. 

10. Two similar cylindrical tanks have diameters 4 in. and 3 
ft., respectively. The smaller Contains 72 cu. in. Find the 
volume of the larger. 

11. The areas of two similar rectangles are 165 sq. in. and 
371J sq. in., respectively. The sides of the smaller are 11 in. 
and 15 in., respectively. Find the sides of the larger.* 

12. If, in a map, the distance between two cities 250 miles apart 
is represented by a distance of 2.5 in., what should represent 
the distance between two places which are 372 miles apart ? 

13. The room of a house is 16 ft. by 18 ft. If, in the plan, 
the width is represented by a line .8 in. long, what should 
represent the length ? 
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14. The dimensions of a rectangular piece of land are 220 yd. 
by 300 yd. If, in a plot of it, the width is made IJ in., what 
will be the length ? 

15. The surfaces of two similar bodies are 256 sq. cm. and 824 
sq. cm., respectively. The volume of the first is 64 cu. cm. 
Find the volume of the second. 

16. In constructing a gas engine, the 
piston D, which is in the form of an 
inverted cup, is 5 in. in diameter ; the 
crank AB is 5 in. between the centers 
of the pivots ; and the connecting rod 
AC is 17 in. between the centers of the 
pivots. How far from the mouth of 
the cup must the pin C be adjusted in 
order that . the connecting rod may 
just clear the edge of the cup at E and 
F at each stroke, the diameter of the 
rod AC being 1 in. ? 

17. In Faustman's " height measure " 
(See fig. 1), used by foresters in finding 

the heights of trees, the edge of the frame HK and the sliding 

rule FH are marked off to a 
scale. FK is a plumb line. 
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In the similar triangles FHK 
and DCB, FH corresponds to 
DC. When DC is 50 ft., and 
FH set at 5 in., HK is 7 in. 
Find BC. When, with another 
tree, DC = 64 ft. and FH = 6 
in., HK = 10. Find BC. When 
DC = 42 ft. and FH = 3| in., 
HK = 6in. FindBC. 

18. In mechanics, forces are 
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represented by lines drawn to a scale. If 48 lb. is represented 
by a line 4.8 in. long, what will represent 39 lb. ? 125 lb ? If 
168 lb. is represented by 8.4 in., what will represent 92 lb. ? 
2561b.? 

19. A steel shaft in a machine being designed is 3 in. in 
diameter and 6 ft. 10 in. long. In the design, the diameter is 
represented by a line -^-^ in. long. By what must the length be 
represented ? 

171. Variation. A quantity whose value changes is called a 
variable. If two variable quantities have a constant ratio, one 
is said to vari/ as the other. 

« 

Thus, if the diameter of a circle increases, the circumference increases 
also, but the ratio of the circumference to the diameter is constant, and 
equals tt. This is expressed by saying that the circumference of a circle 
varies as the diameter. 

If one quantity/ varies as another^ any two values of the first 
will he directly proportional to the corresponding values of the 
second. 

E. g. , the weight of a substance varies as its volume. If the volume 
is doubled, the weight is doubled also. Hence, if w and v, the weight and 
volume, respectively, of a substance, change to w' and v\ respectively, then 
w:w' =v:v'. 

If two variable quantities have a constant product, one is 
said to vary inversely as the other. One increases as the other 
decreases. 

Thus, the time required for a railway train to travel 200 mi. varies in- 
versely as its speed ; because, if t and r represent the time and rate, 
respectively, then ty,r = 300. 

If one quantity varies inversely as another, any two values 
of the first will be inversely proportional to the corresponding 
values of the second. 

E. gr., if a varies inversely as 6, and when a changes to a', 6 changes to 
6', then a :a' =b' :b. 
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Certain simple applications of the subject of variation will 
be discussed in the following sections. 

172. The application of variation to falling bodies. It 

is proved in mechanics that if a body is let fall from rest, its 
velocity increases from second to second, and that 

I. The velocity (it any time varies directly as the number of 
units of time (seconds) that have passed, 

II. The distance passed through at any time^ varies directly as 
the sqtiare of the number of units of time (seconds) that have 
passed. 

It is found experimentally that a body starting from rest 
falls approximately 16 feet the first second, and that the ve- 
locity at the end of the first second is approximately 32 feet 
per second. 

PROBLEMS. 

1. If a body starting from rest falls 16 ft. the first second, 
how far will it fall in 2 seconds ? In 3 seconds ? In 4 sec- 
onds ? In 5 seconds? 

2. If a body starting from rest falls 16 ft. the first second, 
how far does it fall during the second second? The third 
second ? The fourth second ? 

3. How far will a body starting from rest fall in 10 seconds ? 
How far during the tenth second ? IIow far in 1 minute ? 

4. If a falling body starts from rest, and has a velocity of 
32 ft. per second at the end of the first second, what is its ve- 
locity at the end of the second second ? At the end of the third 
second ? At the end of the tenth second ? At the end of a 
minute ? 

5. For how many seconds has a body fallen to have a ve- 
locity of 192 ft. per second? 
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6. IIow long does it require an object starting from rest to 
fall 144 ft. ? (x' : V =• 144 : 16.) 

7. A brick dislodged from the wall of a building strikes the 
ground in 2| sec. How high is the wall? 

8. A stone thrown just over the top of a tree, strikes the 
ground in 6 seconds from the time that it starts upward. Find 
the approximate height of the tree. 

Note. — The time going up equals the time coming down. 

9. With what vertical velocity must a bullet have left a 
gun, if it fell back to its starting place in just 9 seconds after 
it left the gun? How high did it go ? (See note Ex. 8.) 

10. A mail bag is dropped from a train at a height of 4 ft. 
above the platform, while the train is going 30 mi. per hour. 
How far in advance of its starting point does the bag strike the 
ground ? 

11. An object dropped from a balloon strikes the ground in 
6 seconds. At what velocity is the object falling when it 
strikes the ground, and how high is the balloon ? 

173- The application of variation to the vibration of the 
pendulum. The time of vibration of a pen- 
dulum is that required for it to swing from 
A to B. It depends upon the length of the 
pendulum, and the latitude of the place. 

The time of vibration of a pendulum at 
any given place varies directly as the square 
root of the length. 

Thus, at New York a pendulum 4 ft. long requires 1.1 sec. for a vibra 
tion; one 1 ft. long requires 0.55 sec. for a vibration. 

PROBLEMS. 

1. The length of a seconds pendulum (making a vibration in 
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1 sec.) in the latitude of New York is 39.1 in. What time Is 
required for the vibiixtion of a pendulum 9.78 in. long ? 

2. How long is a pendulum which vibrates three times in a 
second ? 

3. What is the length of a pendulum which vibrates 4 times 
in 8 seconds ? 

4. A pendulum 94 ft. long is made by suspending a cannon 
ball by means of a wire from the dome of a large building. 
What is the time of its vibration? 

6. A clock whose pendulum beats seconds, gains 2 minutes a 
day. IIow much too short is the pendulum ? 

6. A clock whose pendulum vibrates in a half second, is 
found to gain 30 seconds a day in winter. How much has the 
pendulum contracted ? 

7. A clock whose pendulum is 20 in. long loses 10 min. a 
day. IIow much must the pendulum be shortened ? 

174. The application of variation to Boyle's Law. The 

volume of a gas depends upon the amount of pressure upon it, 

the greater the pressure the less the volume. It was shown by 

Robert Boyle, an English physicist in the seventeenth century, 

that, if subjected to pressure : 

The volume of a gas varies inversely as the pressure upon it. 

If V is the volume of a gas under the pressure P, and the 

volume changes to V when the pressure changes to P', then 

V:V' = P':P. 

PROBLEMS. 

1, A room has a capacity of 150 cu. yd. The barometric 
pressure rises from 28 in. to 30 in. How many cu. yd. of air 
in the room at the higher pressure have entered during the 
rise ? 

2. Twenty-four cu. in. of air under a pressure of 40 lb. will 
have what volume when the pressure is increased to 100 lb. ? 
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•3. When the atmospheric pressure shown by the barometer 
is 76 em., 1000 cu. cm. of air weigh 1.293 grams. What is tlie 
weight when the atmospheric pressure is 80 cm. ? 

4. If a toy balloon contains 2.5 quarts of gas when under a 
pressure of 1 atmosphere, to what size will it shrink if sub- 
jected to a pressure of 5 atmospheres ? 

5. The* pressure of the atmosphere on a square inch of surface 
is approximately 15 lb. The bore of a 
popgun is -j^ sq. in. in cross-sectional 
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area. The air in the popgun is compressed to y^^ of its original 
volume before tbe pellet is discharged. With what force is the 
pellet discharged ? 

6. Air in a cylinder at atmospheric pressure is compressed 
to J^ of its volume. What pressure does it exert per square 
inch on the walls of the cylinder ? 

175. Intensity of light. The amount of illumination, or 
intensity of light thrown upon a surface from a given source 
depends upon the distance of the source. It is shown that: 

The intensity of the illumination varies inversely as the square 
of the distance from the source of light. 

Thus, a standard candle placed 2 ft. from an open book will illuminate it 
with 4 times the Intensity that it will when placed 4 ft. away. That is, 
1:} = 4»:2«. 

This principle is used in determining the " candle power " of 
light. 

PROBLEMS. 

1. The candle poicer of a lamp is the ratio of its illumi7iating 
power to that of a standard 



candle. A kerosene lamp 
and a standard candle are 
placed so that they cause a 
rod to cast shadows upon a 
surface or screen. The 
shadows are of equal in- 
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tensity when the candle is 18 in. and the lamp 36 in. from the 
screen. What is the candle power of the lamp ? 

2. A kerosene lamp and a standard candle cast shadows of 
equal intensity upon a screen when the candle is 15 in. and the 
lamp 48 in. from the screen. Find the candle power of the 
lamp. 

3. If a standard candle is placed 20 in. from the screen, how 
far from the screen will a lamp have to be placed, if its candle 
power is 9, in order to illuminate the screen with equal 
intensity ? 

4. A standard candle 1 ft., and an incandescent electric light 
4 ft. from a screen, illuminate it with equal intensities. What 
is the candle power of the incandescent light? 

5. A 16-candle power incandescent light at 25 in., and an oil 
lamp at 8 in. from a screen, illuminate it with equal intensities. 
What is the candle power of the lamp? 

6. A cluster of twelve 16-candle power incandescent lights 
10 ft., and an arc light 25 ft. from a wall, illuminate it with 
equal intensities. Find the candle power of the arc light. 

7. How many incandescent lamps will be required to pro- 
duce the same intensity of illumination at 6 ft. distance that is 
produced by 1 such lamp at 10 in. distance? 

176. Electrical currents. A wire offers resistmice to a cur- 
rent of electricity which it is conducting. The resistance 
is expressed as a number of ohms. An ohm is the resistance 
offered by a column of mercury 1 sq. mm. in cross-sectional 
area, 106.3 cm. long, and at 0°C. 

The quantity or strength of a current of electricity flowing 
through a wire is measured in amperes. An ampere is the 
quantity of current that will deposit 4.025 grams of silver an 
hour in passing through a certain solution of nitrate of silver 
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The pressure required to force a current of electricity 
through wire is called electro-motive-force (e. m./.). It is 
measured in volts. A volt is the pressure required to force 1 
ampere of current through 1 ohm of resistance. 

It is shown in physics that : 

The resistance of a wire varies directly as its length and in* 
versdy as its cross- sectional area^ or inversely as the square oj 
the diameter. 

E. g., if the resistance of 352 ft. of wire of a certain diameter is .09 ohm, 
the resistance of 1 mi. of it is 1.35 ohms. (a?:. 09 =5280: 352.) 

Likewise, if the resistance of 1 mi. of copper wire 1.4 mm. in diameter 
is 8.29 ohms, the resistance of 1 mi. of copper wire 1.14 mm. in diameter 
is 12.50 ohms, (a?: 8.29=1.4«: 1.142.) 

Many problems in electricity may be solved without stating 
them in the form of proportion. Thus, either the resistance, 
the electro-motive-force, or the strength of current in a circuit 
can be obtained, if the other two are known, by the principle 
in electricity that : 

The strength of current equals the electro-motive-force divided 
by the resistance ; i, e., 

where C= number of amperes^ E = number of volts^ and R=" 
number of ohms, 

PROBLEMS. 

1. What must be the diameter of a wire 40 ft. long to offer 
the same resistance to an electrical current as a wire 10 ft. 
long and 1 mm. in diameter ? One-fourth as much resistance ? 

2. What length of wire 2 mm. in diameter will have the 
same resistance as 5 m. of wire 4 mm. in diameter ? 

3. If the resistance of a wire 10 m. long and 1 mm. in 
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3. The diameters of two spherical steel balls are 6 in. and 8 
in., respectively. If the smaller weighs approximately 31.87 
lb., what is the weight of the larger ? 

4. Of two similar iron castings, the smaller weighs 128 lb. 
Their lengths are 20 in. and 32 in., respectively. Find the 
weight of the larger. 

A 5. Sailors and others use the 
following method of estimating 
the distance DA to an object A. 

Bwith the left eye closed, the 
finger is pointed, at arm's length, towards A. Then the right 
eye is closed and the left eye. opened, when the object appears 
to have moved through 'the distance AB. The distance AB, 
being at right angles to the line of sight, is estimated. The 
distance CD between the eyes of the average person is 3.1 in., 
and the distance DO to the end of the finger 31 in. If AB is 
500 ft., what is the distance to A ? If AB is apparently 12 ft.? 
Estimate in this way the distances to objects about you. 

6. A rod 6 ft. high casts a shadow 4 ft. 6 in. long, and at the 
same time a tree casts a shadow 51 ft. long. How high is the 
tree? 

7. In the 16th Century the distance from A to the inacces- 

sible point B was determined by erecting a 
t*>v. vertical staff AC, and placing upon this 

\^^ an instrument resembling a carpenter's 
" — A^^^^^^>^ square, directing one arm towards B, and 

noting on the ground the point D toward 
which the other arm pointed. By measuring AC and DA, and 
using similar triangles, AB was estimated. If AC = 5 ft. and 
DA = 6 in., wliat is AB ? If AC = 6 ft. and DA =4 in., what is 
AB? 
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14: What current will an e. m.f, of 250 volts send through 
a resistance of 12.6 ohms? 

16. What e. m.f, is required to light an incandescent lamp 
of 80 ohms resistance, if it takes a current of 0.75 ampere ? 

16. A Daniell cell has an e. m.f, of 1.1 volts and an internal 
resistance of 4 ohms. What current will it send through an 
external resistance of 2 ohms ? 

17. A Bunsen cell lias an e, m,f, of 1.8 volts and an internal 
resistance of 0.9 ohm. Through what resistance will it send 
1.5 amperes? 

18. How many volts are required to produce a current of 40 
amperes through a circuit in which there are 10 arc lamps, if 
the resistance of the dynamo is 4 ohms, that of each lamp 2.5 
ohms, and that of the rest of the circuit 2 ohms ? 



CHAPTER VI. 
GBAFHIC BEPBESENTATION OP STATISTICS. 

177. Quantities represented by lines. For purposes ot 
showing the relations between quantities more clearly, such 
quantities are often represented by the lengths of lines, accu- 
rately drawn to a scale. 

Thus, the estimated war strengths of the armies of some of the most 
powerful nations of Europe and Asia in 1907 were : Germany, 1,840,000 
men; France, 1,290,000 men; Russia, 1,800,000 men; Great Britain, 750,000 
men; Japan, 600,000 men ; Spain, 310,000 men. These may be represented 
by lines as follows, using a scale of 900,000 men to 1 inch : 



Germany. . 
France. 

Russia. 
Great Britain. 
Japan. 
Spain. 





178. Relations shown by curves. If there are two sets ot 
quantities to be represented, such as time in months, and rain- 
fall in inches, a curve may be drawn to show their relations. 
For this purpose, squa/red paper is used ; i. 6., paper ruled into 
equal small squares. 
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For example, the monthly precipitation, in inches, at New York for 
1907 is given in the following table ; 



Month. 


1907 


Mean. 


Jan. 


3.26 


3.77 


Feb. 


2.52 


3.74 


Mar. 


3.80 


4.08 


April 

May 

June 


3.89 
4.08 
3.29 


3.37 
3.18 
3.25 


July 
Aug. 
Sep. 
Oct. 


1.18 
2.48 
8.00 
3.82 


4.38 
4.53 
3.69 
3.70 


Nov. 


5.05 


3.50 


Dec. 


3.91 


3.39 
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* The accompanying curve (continuous line) shows the variation of rainfall 
from month to month in 1907. Two lines at right angles are taken as base 
lines. Then the time in months is measured off to the right, one space 
to the month, and the corresponding rainfall is measured off upwards, 
one space to the inch. This gives a set of points. Thus, for April we 
count over to the fourth line ; and since the rainfall in April was 3.89 in., 
we count upwards on this line 3.89 spaces, locating a point. By joining 
the points for the various months we get the curve. 

Similarly, the dotted line shows the normal variations for the last 37 
years. We are able thus to see clearly the departure from the normal of 
the precipitation for the year. 

EXERCISES. 

1. The areas of the continents, hi millions of square miles, 
are : North America 8, South America 6.85, Europe 3.8, Asia 17, 
Africa 11.5, and Australia 3. Represent these areas by 
lines, using the scale of 6 millions of sq. mi. to the inch. 

2. The distances of the planets from the Sun, in millions of 
miles, are as follows : Mercury 36, Venus 67, Earth 93, Mars 
142, Jupiter 483, Saturn 886, Uranus 1782, Neptune 2792. 
Represent these distances by lines. 

3. The following are the death rates, due to consumption, 
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per 10,000 population, by nationalities iu an eastern city in 
1906 : American 7.5, English 29.2, German 24.8, Italian 30.1, 
Irish 62.5, Polish 9. Represent these by lines. 

4. The numljer of paupers (percentage of population) in 
almshouses in the United States, was: in 1880, 0.132; in 1890, 
0.1166; in 1903, 0.0876. Represent these statistics graphically 
by lines. 

5. The value, in millions of dollars, of agricultui-al imple- 
ments exported from the United States has been as follows : 
during 1880, 2.25; during 1885, 2.56; during 1890, 3.86; 
during 1895, 5.41; during 1900, 16.1; durmg 1905, 20.72. 
Show, by a curve, the growth of exportation of agricultural 
implements. 

ScGOESTiON.' Mark off the years as the months were marked off in 
§ 178. Then measure off the values of the exports on the corresponding 
year-lines. Join the points thus located by means of a smooth curve. 

6. The population of the United States, in millions, for 
certain years has been as follows : in 1800, 5.31 ; in 1850, 23.19 ; 
in 1880, 50.16; in 1900, 76.30; in 1906, 84.15. Show the 
growth by means of a curve. 

Suggestion. In marking off the year-lines, take proper account of the 
length of time between them. 

7. The following average weights of men 5 ft. 10 in. in height 
at different ages are based upon the life insurance records : 



Age: 



Wt.: 



|l5_24 25— 29'80— 34 35—39 40— 44*45— 49 



I 



I 



154 



159 



164 



167 



170 



171 



50—54 



172 



55—59 



173 



60—64 



174 



Draw a curve representing the growth in weight. 

8. The following are the numbers of children (in percentage 
of population) that have been attending public secondary 
schools in various years : 
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1889-90. .36: 1890-91, .85; 1891-92. .38; 1892-93, .39; 1893-94, .45; 1894-95, 
.53; 1895-96. .56; 1896-97. .59; 1897-98, .63; 1898-99, .66; 1899-1900. .70; 
1900-01, .72; 1901-02, .72; 1902-03, .76; 1903-04, .80. 

Draw a curve to show the increased attendance in public 
secondary schools. 

9. Hastings measured (in kilograms) the strength of the 
right fore-arms of 5,476 children, of ages from 5 years to 16 
years. He found the average strength as follows : 



Afire 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 






Strength 


4.9 


7.0 


9.2 


10.6 13.1 14.7 18.0 19.7 22.6 25.4 28.9 83.8 



Draw a curve to show the relation of the growth of strength 
to the increase of age. 

10, The following table gives the death rates from tuber- 
culosis per 10,000 population, in four cities of New York of 
similar size, for a period of 10 years beginning in 1898. Draw 
on the same chart the curves showing the variations for each 
city, and thus compare their death rates. 



Year. 


1898 


1899 1900 


1901 


1902 


1903 


1904 


1905 


1906 


1907 


Auburn 


18.8 


13.5 


15.2 


13.3 


9.2 


18.0 


15.2 


11.9 


13.1 


14.2 


Geneva 


14.0 


13.4 


10.5 


11.5 


10.5 


13.4 


16.3 


11.4 


10.6 


12.7 


Oswego 


13.1 


14.4 


18.9 


15.8 


16.2 


10.3 


14.9 


17.6 


17.2 


8.8 


Canandaigua. . 


8.5 


1.6 


11.3 


9.7 


8.1 


14.6 


16.3 


15.0 


12.2 


5.5 



11. The percentages of all deaths in the city of Utica, N. Y., 
due to tuberculosis, for each of the twenty consecutive years 
beginning with 1887 were as follows: 13.7, 13.9, 15.1,14.2, 
16.7, 13.5, 13.2, 13.6, 14.8, 12.6, 12.9, 12.1, 11.5, 9.2, 11.9, 10.1, 
9.5, 8.9, 9.7, 9.5. Draw a curve to show the change in death 
rate due to this disease. 



.• 1 



__ * 
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Station. 



Bismarck, N. D. . 
Boston, Mass. 
Chicago, 111. . . 
Denver, Col. . . 
Galveston, Tex. . 
Helena, Mont. 
New Orleans, La. 
New York, N. Y. 
San Francisco, Cal. 
Winnipeg, Manitoba, 



6 



4 

14 

12 

4 

4 

6 

6 

11 

4 

14 



12 
6 

22 
4 

16 
6 
4 
7 

10 




8 



8 
18 
20 

4 
10 
18 
12 
18 

6 
18 



9 



4 
82 

8 

4 
14 
12 

6 
86 

4 
12 



10 



11 



12 
4 

18 
4 

14 
6 
6 
6 
4 

82 



•4 
12 
22 
4 
4 
6 
4 
9 
4 
4 



Age 


Percentage 


1 to 14 
15 to 44 
45 to 64 
65 to over 


1.9 
20.8 

7.7 
1.2 



16. The rainfall, in inches, at Buffalo, N. Y., on the six con- 
secutive days beginning April 6, 1908, was .46, .02, .20, .14, 0, 
and .14. Represent this graphically. 

17. The accompanying table 
gives the percentages of all the 
deaths in Utica, N. Y., in 1906, 
that were due to consumption, 
classified according to age. Rep- 
resent the relation between the age 
and death rate graphically. 

18. The number of persons on the pension roll of the United 
States in various years has been as follows : in 1863, 14,791 ; 
in 1864, 51,135; in 1865, 85,986; in 1866, 126,722; in 1870, 
198,696; in 1875, 234,821; in 1880, 250,802; in 1885, 345,125; 
in 1890, 537,944; in 1895, 970,524; in 1900, 993,529; in 1905, 
998,441 ; in 1907, 967,371. Show, by a curve, the growth of 
the pension system of the United States. 

19. The following figures give the temperature at intervals 
of three hours of a typhoid fever patient in a New York 
hospital, beginning at 8 P. M., and running for 11 days : 

102.8, 102.2, 102. 101.5. 101.4, 99.6, 101.5, 101.8, 102, 102, 102.4, 101.3, 
101, 99.6, 100.6, 102.7, 102.3, 102.5, 101.5, 101, 100.7, 99.8, 100.5, 102.4, 
102.2. 102.2, 101, 101, 100.4, 99.8, 100, 101.5. 102.5, 102.2, 101.3, 100.7, 
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100.4, 100, 100, 101.5, 102, 101.8, 101, 100.5, 100, 99.5, 100, 101.8, 102,102, 
101.8, 100.5, 99.5, 100, 101, 101.5, 101.2, 100.3. 99.3, 99.6. 98.7, 98.4, 100.5. 
101.8. 101.3, 100, 99.3, 99.3, 99, 99.5. 100.8, 101.3, 100.5, 99.4. 99, 99,98, 
98, 99.8, 100, 99.5, 99, 98, 98, 98, 98.3. 99, 99.2. 

Trace the rise and fall of temperature by means of a curve. 

20. The following is the temperature record of a patient who 
recovered from scarlet fever, the record being made every 
morning and every evening: 99, 103, 101.8, 101.5, 100.1, 101, 
100, 100, 99.8, 100.3, 99, 100, 98.9, 99.1, 98.8, 98.9. Represent 
the record by a curve. 

21. The following is the temperature record of a patient 
who died with scarlet fever, the record being made every morn- 
ing and evening: 100.5, 103.9, 102.5, 104.6, 103, 105, 103.8, 
105.2, 103, 105, 104.4, 104.8, 105.6, 103.5, 105.2, 103.8, 104.6, 
106.8. Represent the record by a curve. 



Part TV 

SUPPLEMENTARY VOCATIONAL PROBLEMS 

The following problems are types of the problems met in 
agriculture, the building trades, shop- work, and other vocations. 
They are given in a miscellaneous list, and from them those 
may be selected for supplementary work that should be of 
value to the students of particular communities. 

1. A field of 30 acres yields 25 bu. of wheat per acre. The 
wheat is sold for 90 ct. per bushel. The cost of growing and 
marketing the crop is $225. What is the net profit from the 
crop ? What sum placed at 6^ interest would yield the same 
profit ? 

2. A bushel of wheat contains 20 oz. nitrogen, 8 oz. phos- 
phoric acid, 5 oz. potash ; a bushel of potatoes contains 3 oz. 
nitrogen, 1 oz. phosphoric acid, 4 oz. potash. If a field yields 
27 bu. of wheat per acre, or 120 bu. of potatoes per acre, how 
many pounds of each of the three fertilizers are consumed in 
producing an acre of wheat and in producing an acre of potatoes? 
Which crop is the harder on the soil ? 

3. Loam soil contains 7 lb. nitrogen, 8 lb. phosphoric acid, 
and 8 lb. potash per ton. If the soil is cultivated to a depth of 
8 inches, how many pounds of each of these three fertilizers in 
an acre of cultivated soil, a cubic foot of soil weighing 75 lb. ? 
How many crops of wheat, 25 bu. to the acre, would be required 
to exhaust the phosphoric acid from the cultivated soil ? 

4. The average yield of a certain field is 36 bu. of corn per 
acre. By putting in an average of 2 days to the acre more time 
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in cultivation of the crop, the farmer is able to increase the 
yield to 54 bu. per acre. If corn is worth 45 cents per bushel, 
how much per day does he get for his extra work ? 

6. A farmer is able to grow only 2 tons of marsh hay per 
acre on land before it is tiled, and raises 50 bu. of corn per acre 
on it after it is tiled. If the hay is worth $4.50 per ton, and 
the corn 40 cents per bushel, what is the increase in the value 
of the crop due to drainage ? 

6. A field of corn is planted in rows 44 in. apart each way. 
How many hills are there to an acre? What should be the 
yield, if the average hill produces 3 ears of a size such that 120 
make a bushel ? 

7. If a cow eats pasture worth $6 per year, 3^ tons of hay 
worth $6.50 per ton, and 1200 lb. of chopped feed worth 75 cents 
per 100 lb., raises a calf worth 86, gives 3 quarts of milk per 
day for 280 days in the year which is worth 20 cents a gallon, 
and produces manure annually worth $12, what is her profit to 
the farm for a year ? 

8. A dairy cow requires 1 lb. of protein to 6 lb. carbo- 
hydrates in her food. Dry peas contain 10 lb. of protein and 
32 lb. of carbohydrates per bu. (60 lb.). Hay contains 88 lb. 
protein and 880 lb. of carbohydrates per ton. What should be 
the proportion of the quantities of dry peas and hay fed to a 
dairy cow, if these are to constitute her ration ? 

9. A farmer has a herd of 12 dairy cows that average 22 lb. 
each of milk per day. The milk tests 3.8^ butter-fat, and 
butter-fat is .worth 28 cents per pound. What is the daily 
income from the herd ? 

10. A sugar factory contracts to pay $4.25 per ton for beets 
which test 14^ or less of sugar, and to pay 20 cents extra per 
ton for each additional per cent above 14^. A man has 12 acres 
of beets yielding 15 tons per acre that test 14^^, and 10 acres 



SUPPLEMENTARY VOCATIONAL PROBLEMS 207 

yielding 13i tons per acre that test Ib^ sugar. What is the 
value of his crop? If he spends $400 for labor to produce the 
crop, what is his average net profit per acre ? 

11. Make out the following monthly account of a farmer in 
the proper form, and balance it. His receipts were : Sale of 
400 bu. of corn at 35 ct., 1200 bu. of wheat at 94 ct., 1600 lb. 
milk at 80 ct. per 100 lb., 20 doz. eggs at 16 ct. per doz. His 
expenses were : Hired help $324, fertilizer $65, wire for fencing 
$12.25, threshing $85.65, set of harness $32.40, and groceries 
$31.75. 

12. What is the cost of paving and curbing a street 2640 ft. 
long and 42 ft. wide, if the contract price is $1.25 a square yard 
for paving and 45 cents a linear foot for curbing? 

13. A bin is to be constructed to occupy a space 10 ft. long 
and 6 ft. wide, and is to hold 9 tons of coal (2,000 lb. to a ton). 
If there are 64 lb. in a cubic foot ofcoal, what must be the depth 
of the bin? 

14. A painter wishes to raise a ladder to the roof of a building 
which is 72 ft. high. It is necessary to have the ladder project 
beyond the eaves 3 ft. and have the foot placed 12 ft. from the 
wall of the building. What is the required length of the 
ladder ? 

16. A basin 50 ft. in diameter is surrounded by a walk 10 ft. 
wide. How many cubic yards of gravel will it take to cover 
the walk to a depth of 4 inches ? 

16, In a rectangular piece of land 120 ft. long and 70 ft. wide 
a cellar is to be dug for a building. The excavation is to be 
42 ft. long, 36 ft. wide, and 8 ft. deep. The earth excavated is 
to be placed on the surrounding ground. What will be the 
depth of the filling ? If the level of the lawn is to be raised 3 
ft. in all, how many cubic yards of earth must be bought and 
hauled from elsewhere ? 
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17. The surface of a pond contains 3 acres of commercial ice. 
The water is frozen so that the ice is fifteen inches thick. If 
ice is 0.93 as heavy as an equal volume of water, find the 
weight of the crop of ice in tons. 

18. A cylindrical water tank is built to hold exactly 220 
gallons. The height of the tank is 6 feet. What is the 
diameter in inches? (1 gal. = 231 cu. in.) 

19. A man wishes to put a water tank in his attic. The 
tank is 28 in. long, 24 in. wide, and allows 20 in. for the depth 
of the water. How many gallons will the tank hold ? 

20. The excavation for a building is to be 48 ft. by 84 ft. 
and 6 ft. deep. Allowing 6 in. on all four sides to work in, 
beyond the external surface of the brick- work ; find the amount 
of the excavation. 

21. A cellar 50 ft. long, 30 ft. wide, and 7 ft. deep was 
excavated by 5 men in 8 days. At a contract price of 22 cents 
a cubic yard, what did each man earn daily ? 

22. A cellar wall 16 in. thick, 50 ft. long, and 7 ft. high is 
made of concrete (1 part Portland cement to 8 parts gravel). 
Estimate the cost of material when cement is $1.80 per barrel 
(400 lb.) and gravel 80 cents per load (1 cu. yd.). One cu. ft. 
of dry cement weighs 150 lb. 

23. When cement costs $1.80, sand 16 cents, and gravel 10 
cents, per barrel, estimate the cost of material to cement the 
floor of a cellar 40 ft. by 60 ft. A base 3 in. thick, made of 1 
part cement and 8 parts gravel, is first laid ; then upon this is 
spread a wearing surface 1 in. thick, made of 1 part cement 
and 1 part sand. One barrel of cement used with 8 barrels of 
gravel will cover 300 sq. ft. one in. thick, when used with one 
barrel of sand it will cover 68 sq. ft. 1 inch thick. 

24. An architectural drawing of a house is made to the scale 
of f in. to the foot. Find the number of square inches occupied 
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• on the drawing by a lot of land which is 120 ft. long and 80 
ft. wide. 

25. Flooring has a |-inch "tongue and groove," and is made 
in 3 in., 4 in., 5 in., and 6 in. widths. How much should be 
added to the area to be covered to find the number of board 
feet required for each of these widths ? 

26. At $62 per M, find the cost of 3-inch oak flooring for a 
floor space 30 ft. by 45 ft. Add ^ for " tongue and groove." 

27. Make estimates for the floors of 3 rooms, each 18 ft. by 
22 ft., of the following material : 

3-inch oak flooring at $62 per M. Add -J. 

8-inch maple flooring at $48 per M. 

4-inch pine flooring at $35 per M. Add J. 

6-in pine flooring at $30 per M. Add \, 

28. Weather-boarding is laid with a lap of fromf to 1^ Inches. 
A contractor estimates the surface, deducts for openings, and 
adds ^ for the lap. At $26 per M for poplar siding, fini the 
cost of the siding for a building 320 ft. around and with an 
average height of 32 ft. Allow for 3 doors 3J ft. by 7 ft. and 
8 windows 3 ft. by 6 ft. 

29. Four inches is the standard width of a shingle. They 
are laid usually 4^ inches " to the weather." They are sold in 
bunches of 250 each. Find the cost of red cedar shingles for 
two sides of a roof, each 20 ft. by 48 ft., the lower tiers being 
laid two shingles deep, at $4.50 per M. 

30. If shingles of an average width of 4 inches are laid with 
5 inches to the weather, compute the number per square 
(100 sq. ft.). 

31. Estimate the cost of the material for lathing and plaster- 
ing the walls and ceiling of a room 30 ft. by 40 ft. and 13 ft. 
high, if 1 ton of hard wall plaster, costing $6.50, will cover 100 
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sq. yd., and 1 bundle of laths (50), costing $6 per M, will cover 
4 sq. yd. (No deductions are made by plasterers for openings.) 

32. In estimating the cost of painting a building, the con- 
tractor estimates that 1 gal. of paiftt will cover 250 sq. ft. and 
that the labor will cost twice as much as the material. What 
shall a contractor ask for painting a house two coats, the 
perimeter being 180 ft. and the average height 20 ft., if paint 
costs him $1.40 per gal. and he wishes to make 20 ^ profit on 
material and labor? 

33. If IJ barrels of lime are required for plastering 50 sq.yd., 
how many barrels would be required for a job of plastering 
equivalent to wall surface 150 ft. by 12 ft. ? 

34. An architect, in the specifications for a building, requires 
that the flooring shall not contain more than 10^ of moisture, 
i. e., 10 $^ of its weight in water. From the flooring delivered 
at the building average pieces were selected and weighed, then 
dried in an oven for several hours where the temperature was 
greater than boiling, then weighed again. The weight before 
drying was 3 lb. 6 oz., and after drying, 3 lb. 2 oz. Were the 
specifications complied with ? 

35. Lumber used in a building was tested for moisture, as 
in Prob. 34. The weight before drying was 5 lb. 12 oz., and 
after drying, just 5 lb. What was the per cent, of moisture ? 

36. Soft pine shrinks approximately 3^ in width by drying in 
open air. How many board feet must be allowed for shrinking 
in buying soft pine flooring in a green state for a room 24 ft. 
wide and 36 ft. long ? 

37. How long must the carriage for a stair be cut, if the 
distance between the floors is 12 ft., and if the height of a riser 
is to be 8 in. and the depth of a tread 10 in.? 

38. Oak, in seasoning, shrinks about 3.1^ across grain, but 
practically none lengthwise. How much will 3250 feet of 
green oak make when seasoned ? 
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39. Short cast-iron posts, with a length in inches not exceed- 
ing 8 times their least dimensions, may be safely loaded (will 
support a weight without bending or breaking) with 6 tons 
for each square inch of cross-section. Find the safe load of 
such a post that is solid and 6 in. in diameter ; of one that is 
solid and 12 in. in diameter. 

40. Find the safe load of a short hollow cylindrical cast-iron 
post 10 in. in outer diameter and 1 in. thick. 

41. The safe load (total weight that can be supported) of a 
rectangular wooden beam, supported horizontally at both 
ends and uniformly loaded over the entire span (length) is 

2 X breadth X square of depth X K ^, , ,^, i , ^, 

ov.»v.^ Tr4vn: J the breadth and depth 

span in leet ' ^ 

being taken in inches. For white oak K is 75 ; for white pine, 

66; for spruce, 70. Compute the safe loads of beams as 

follows : 

A white oak beam, 12 ft. long, breadth 2 in., depth 6 in. 
A white pine beam, 16 ft. long, breadth 3 in., depth 8 in. 
A spruce beam, 20 ft. long, breadth 4 in., depth 12 in. 

42. The strength of a rectangular beam varies directly as its 
breadth multiplied by the square of its depth. Compare the 
strength of a beam 6 in. in breadth and 4 in. in depth with the 
strength of a beam 4 in. in breadth and 6 in. in depth, both 
being of the same material. 

43. The Chicago building ordinance, 1893, gave 3500 lb. per 
sq. ft. of surface as the bearing power of pure clay soil 15 ft, 
deep, without admixture of any foreign substance except 
gravel. What may be the dimensions of the foundation of a 
pier that is to support 12 tons weight ? 

44. Pure dry sand will support a load of 4000 lb. per sq. ft. 
What safe weight will a foundation 3J- ft. by 5^ ft. support on 
pure dry sand ? 
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45. The safe weight, or working load, that masonry of hard 
brick and lime mortar will support is about 6 tons per sq. ft 
A brick pier 5 ft. long must be how wide to support a weight 
of 65 tons ? 

46. Plumbers, to find the pressure exerted at any point on 
the system of plumbing, multiply the vertical distance of the 
point below the highest point of water connected with the 
system by .434. This gives the pressure in pounds per square 
inch. Find the pressure at a point of the plumbing 50 ft. 
below the water level ; 85 ft. ; 5 ft. ; 160 ft. ; 240 ft. 

47. Compute the amount of the following portion of a plum- 
ber's estimate : 



20 ft. of 2-in. Pipe at $0.35 

60 ft. of 4-m. " " 0.80 

8 2 in. Bends " 0.5C 

2 4-in. Y*8 •* 0.90 

Discount 25 and b% 




48. In building construction the distance apart, in feet, at 
which white pine floor-beams are to be placed to support the 
weight in ordinary dwellings, is computed by the following 
rule : Multiply the cube of the depth of a beam by its breadth, 
both in inches, and divide the product by the cube of the 
length in feet multiplied by 0.65. A span of 17 ft. in a dwelling 
is to be covered by white pine beams 3x12 inches. At what 
distance apart should they be placed ? What space if the 
beams are 2x12 inches? 

49. A car 36 ft. long and 8 ft. 6 in. wide, loaded to a depth 
of 5 ft., contains how many bushels of wheat? (1 cu. ft. 
S-.8 bu.) What is the weight of the load at 60 lb. per bushel ? 

60. How much paint will it take to cover the outside of a 
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railroad water tank, including top and bottoro, if the tank is 
26 ft. in diameter and 14 ft. high, allowing 2 qt. of paint per 
square (100 sq. ft.) ? 

51. A locomotive is extended 3 ft. in order to gain heating 
surface and thus increase the steaming capacity. If there are 
875 2-inch tubes, by how many square feet is the heating sur- 
face of the tubes increased ? 

52. Find the pressure tending to blow the head out of an 
air drum 16 in. in inside diameter when the gauge shows a 
steam pressure of 90 lb. per square inch. 

53. What is the propelling force exerted against the piston 
in a locomotive when the steam pressure is 100 lb. per square 
inch, the inside diameter of the cylinder being 36 inches? 

54. A drum head 26 in. in diameter is cut from a sheet of 
^-in, steel plate 27 in. square. Find the weight of the portion 
cut off. (^-in. plate weighs 20.4 lb. per sq. ft.) 

65. A car 36 ft. long and 8 ft. 6 in. wide contains 1000 bu. of 
wheat. If the wheat is leveled off, how high does it reach in 
the car ? (1 cu. ft. = .8 bu.) 

66. A box car with 80,000 lb. capacity is 36 ft. long, 8 ft. 6 in. 
wide, and 8 ft. high. What weight of oats will it carry if it is 
filled ? (Oats weigh 32 lb. per bu.) 

67. To what depth may the car described in Problem 56 be 
filled with wheat not to exceed its capacity of 80,000 lb.? 
(1 bu. weighs 60 lb.) 

68. May the same car be filled with Syracuse salt weighing 
66 lb. per bushel? 

69. What is the greatest weight of grass seed that the same 
car will carry ? (1 bu. weighs 14 lb.) 

60. A track tank 1450 ft. long and 19 in. wide, filled to an 
average depth of 4| in., contains how many gallons of water ? 
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61. How many pieces BO in. by 70 in. can be cut from a 
piece of sheet-iron 100 in. by 210 in., with no allowance for 
waste ? IVIake a sketch showing the lines along which the sheet 
should be cut. 

62. A grindstone when new is 5 ft. in diameter and has a 
12-inch face. What has it lost in weight when worn down 3 
inches ? One cubic foot of sandstone weighs 150 lb, 

63. A locomotive has a netting in the smoke box 24 in. by 
24 in., made of wire .125 in. in diameter. If the netting is 2^ 
in. by 2^ in. mesh, what part of the opening is taken up by the 
wire ? (By 2^ in. mesh is meant 2^ wires to the inch.) 

64. The locomotive described in Problem 68 has 400 tubes of 
1^ in. inside diameter. What is the ratio of the opening through 
the tubes to the free opening (area of smoke box less the space 
taken by the wires) of the smoke box? 

65. Find the capacity in gallons of a tank 10 ft. in diameter 
and 14 ft. deep. 

66. How deep shall .one make a tank 12 ft. in diameter so 
that it may hold 4000 gallons? 

67. Find the weight of an iron pipe 14 ft. long, 15 in. external 
diameter, and 14 in. internal diameter. (1 cu. in. of iron weighs 
0.27 lb.) 

68. A railway embankment is 15 ft. high, the top is 28 ft. 
wide, and the sides have a slope of 1 in 2 to the horizontal. 
How many cubic yards of earth are needed for 150 feet of the 
embankment ? 

69. The pressure on the end of a rectangular tank that is full 
of water equals one-half of the weight of a rectangular volume 
of water whose base is the area of the end and whose height is 
the depth of the tank. Find the pressure on the end of a tank 
6 ft. wide and 5 ft. high. 

70. A vertical masonry dam in the form of a rectangle 180 
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ft. long and 40 ft. high must withstand how much pressure ? 
(See Prob. 69.) 

71. When the wind strikes a flat surface at right angles the 
pressure upon the surface exposed, in pounds per square foot, 
is found by multiplying the square of the velocity in miles per 
hour by .0054. Find the total pressure to which a house is 
exposed if it is 48 ft. long and 22 ft. high, if it is struck by the 
wind at right angles with a velocity of 30 mi. per hour. 

72. What is the pressure of the wind upon a sail which ex- 
poses 90 sq. ft. to the wind, when wind blowing at the rate of 
18 mi. per hour strikes it at right angles ? 

73. Plow many revolutions per minute ought a piece of cast- 
iron 4 inches in diameter be allowed to make in a lathe, if the 
cutting speed is usually 40 feet per minute ? 

74. How long should the wooden pattern be made for a brass 
easting which is 3 ft. 4 in. long, if the shrinkage allowance of 
brass when it cools is ^\ inch per foot ? 

75. If a horizontal boiler has 96 2-inch tubes, what should be 
the diameter of the chimney to properly carry off the smoke 
and gas, if the rule calls for a chimney equal in sectional area 
to the combined sectional area of the tubes ? 

76. A receipt for a blue print solution is as follows : 2 oz. 
citrate of iron and ammonia, 1.33 oz. red prussiate of potash, 
16.5 oz. water. Give proportions if 3 oz. of citrate of iron and 
ammonia are used. 

77. A fly wheel of an engine is 10 ft. in diameter and makes 
200 revolutions per minute. It is directly connected by a belt 
to a wheel 3 ft. 4 in. in diameter. What is the speed of the 
latter wheel ? 

78. What must be the diameter of the driven pulley in order 
that it may make 375 revolutions when belted to a 30-inch 
driver making 225 revolutions ? 
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79. The composition of one kind of Bab];>itt's metal is 4 parts 
copper, 8 parts antimony, and 88 parts tin. Find the amount 
of each material necessary to produce 175 pounds of the metal. 

80. Give the relation between the carrying capacities of one 
S-inch pipe and two 4-inch pipes when each of the pipes dis- 
charges water with a velocity of 75 ft. per minute. 

81. Square pieces of tin, 8 in. on a side, are fed to a stamping 
machine which has 4 dies cutting out four of the largest 
possible circular pieces of tin. What is the area of one of these 
discs? 

82. If iron is 7.8 times as heavy as water, find the weight of 
a block of iron 15 in. long whose cross section is in the form of 
a right triangle, the hypotenuse of which is 5 in., and the base 
3 in. (1 cu. ft. of water weighs 62.5 lb.) 

83. A bar of zinc 28 in. long, 2^ in. wide, and 1^ in. thick, is 
melted into the form of a cube. What will be its new 
dimensions ? 

84. Find the heating surface of the 291 tubes of the Pacific 
type of locomotive when each tube is 19 ft. 6 in. long and 2^ in« 
in diameter. 

Note. — The following problems represent a type frequently met in shop 
work, the building trades, etc., where the values of quantities are computed 
by means ot formulas, A formula expresses a rule in symbols by means of 
letters. 

85. The indicated horse-power of an engine is represented by 
the formula H. P.=£^^^^^, where jc)= the mean effective 

pressure in pounds per square inch, I = the length of stroke in 
feet, a = area of piston in square inches, n = twice the number 
of revolutions. Compute the H. P. of an engine in which a test 
showed jt> to be 35 lb. per sq. in., the number of revolutions 60, 
while the area of the piston was 706.8 sq. in., and the length of 
stroke 48 in. 
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Solution. Using the values of p, l, a, and n, for this engine in the 

formula, we have, indicated. H.P. = ^-5>^^7-^f-?A?^. Performing the 

oo.UUU 

multiplications and division indicated, (using cancellation), or computing 
by logarithms, we get H.P. =359.8. 

86. The horse-power that can be transmitted by a shafting 
with a working stress of 5,000 lb. per sq. in, is H. P. = 0. , 

where n = number of revolutions per min., d = diameter of 
shafting in inches. How many horse-power can be transmitted 
by such a shafting' 4 in. in diameter, making 76 revolutions per 
minute? One 5 in. in diameter, making 100 revolutions per 
minute ? 

87. The stress P, in pounds per sq. in., due to centrifugal 
force in the rim of a fly-wheel is found by the formula 

P = ■- Z;^ , where W = weight of 1 ft. length of rim 1 sq. in. 

in cross section, V = velocity of rim in feet per sec, R = radius 
of rim in feet. In a cast-iron wheel, W ^ 3.1 lb. Find the 
stress in the rim of a cast-iron fly-wheel 8 ft. in diameter, 
running at 160 revolutions per minute, 

88. The formula for tie-rods for beams supporting brick 

arches is: Horizontal thrust in pounds per linear foot of 

1 5 V W V S* 
arch = -^ — ^-U — -^•— , where W = weight on arch in pounds per 

sq. ft., S = span of arch in feet, R = rise of arch in inches. 
Find the strain on the tie-rod in an arch on which the weight 
is 360 lb. per sq. ft., the span 4 ft., and the rise of the arch 18 in. 

89. If D inches is the deflection in the middle of a beam 

supported at both ends and loaded in the middle, then 

WvL' 
D =2q — 9* — T' ^^^^® W= weight of load in pounds, L = length 

of beam in inches, and E and I are numbers depending upon 
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the form and material of the beara. In a wrought-iron bar 2 in. 
deep and 1 in. wide I = | and E = 29,000,000. If the bar is 6 ft. 
long, find the deflection due to a load of 3200 lb. 

90. If a beam L ft. in length is supported at both ends and 
loaded uniformly throughout its length with W lb. per foot, the 
maximum deflection D, in inches, is obtained by the formula 

D = L^^^^' If a beam in which E = 30,000,000 and I = | is 
384xExI 

12 ft. long, and the load 200 lb. per ft., find the maximum 
deflection. 

91. In an electric current, R, the combined resistance of 
the resistances r^ r^, r, in parallel, is found by the formula 

R = ^iX^^X^a What is the combined resistance 

of resistances of 5.2 ohms, 6.4 ohms, and 7.6 ohms, put in 
parallel ? 
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par value of, 81. 
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Timber, measure of, 155, 157. 
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ANSWERS 



Pages 7. a — 1. (a)8X8» + 4X8» + 2X8 + 5; (6) 3Xl2»+4Xl2«+2 X 
12 + 6. 2. landO; 101011001. 8. 1, 2, 3, 4, and 0; from 1 to 

7 inclusive, and 0; single characters from 1 to 11 inclusive, and 0; 
102201; 6542; le96. 4. GOTg. 5. 2*4,2. «• 42O5. 7. 22124324a. 
8.-2242. 9. 8888. 10. 119930. 

Piige 10. ^ 1. 57,806. 2. 61,058. 3. 60,849. 4. 65,839. iS. 61,059. 
6. 6-1,702. 7. 76,092. 

Page 11. — 1. 237. 2. 1155. 8. 2139. .4. 18,131. 5. 170,927. 

6. 1,609,125. 7. 16,461,548. 8-33. (a) 153,264. (b) 358,783. 
(c) 979,737. (d) 344,518. (e) 797,892. (/) 713,236. (g) 751,820. 
(h) 606,345. (i) 923,814. (j) 548,479. (k) 473,235. (0 832,748. 
(m) 726,236. (n) 724,930. (0) 1,094,675. (p) 745,317. (g) 1,058,727. 
(r) 961,103. («) 676,213. (0 484,432. (u) 650,523. {v) 424,606. 
(w) 1,039,644. (jc) 406,887. (y) 1,007,684. («) 788,414. 

Pages 13, 14. — 1. 64 ft., 11 in. 2. 119* 49' 16^ 8. 400.873. 

4. V or 5i. 6. V or 9f . 6. 42014. 7. 47202. 8. 46*77. 

9. 377.366. 10. 11010.1. 11. 363.676. 12. 112.232. 18. 1229.421. 

Pages 15. 16. - 1 ff. 2. H- »• UJ*. 4. HJ. 6. IH- 6. 2H. 

7. 2^^. 8. 22»8V 9. 11511. 10. 48|. 11. 60}. 12. 371i. 18. 405^^. 
14. 357f. 15. 274y»2V. 16. 353^. 

Page 17. — 1. 155,846. 2. 518,515. 8. 304,408. 4. 14,786,718. 
5. 68,338,578. 6. 5,333,466. 7. 71,722.32. 8. 30,243.135. 9. 152,986,615. 

10. 609,163,189. 11. 3,071,687. 

Pages 18, 19. — 1. $192.95. 2. $484.06. 8. $527.34. 4. $548.05. 

6. 1561.84. 6. $655.38. 7. $1040.88. 8. $494.16. 9. $908.28. 
10. $638.65. 11. $1052.92. 12. $442.38. 13. $1006.04. 14. $414.17. 
16. $881.49. 16. $1051.92. 17. $942.41. 18. $878.78. • 19. $652.19. 
20. $949.69. 

Pages 20, 21. — 1. 134.484,741,673. 2. 31,689,423,737. 

8. 84,318,076,319,617. 4. 11,624,276,694,010. 6. 121}. 6. 145}. 

7. 172^. 8. 243ii. 9. 157iiV* 10. 224/^. 11. 206^. 12. 842^. 

1 
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18. 13 lb., 14 oz. 14. 23*» 28' 38^ 15. 13 yr., 8mo., 26 da. 16. 176^. 

17. llOf. 18. 104f}. 19. 11^. 20. lljS. 21. 142^1^^. 
22. 65j^. 23. 82^. 24. 89H. 26. 3356|. 26. 4016/^. 

27. 3904i|. 28. 2932J. 29. 2502J. 80. 487J|. 81. 160i|. 
82. 471|j. 88. 237Ji. 84. 171|J. 86. 317i|. 86. 20|}. 
87. 105Jj. 88. 153i\. 89. 1275^. 40. 4II44. 41. 10434,. 
42. 33506^. 48. 11744^. 44. Ie2e7,2. 46. 2618. *«. 47374,. 
47. 42940io. 48. 18470,2. 49. 21*123,2. 50. 15.751. 61. 1.4163. 
62. 14.925. 68. 38.961. 64. 7.2068. 66. .020635. 66. .0868. 
67. 2.2824. 

Page 23. — 1. 718,256. 2. 616,734. 8. 288,561. 4. 635,040. 
6. 292,383. 6. 763,848. 7. 554,592. 8. 476,766. 9. 3,132,367,396. 
10. 5,552,697,720. 11. 1,615,246,206. 12. 6,953,620,383. 

18. 3,129^73,108. 14. 3,892,111,476. 16. 2,247,790,272. 

Pages 24, 25. — 1. 2480. 2. 18,942. 8. 602,704. 4. 251,538. 

6. 5890. 6. 78,589. 8. |. 9. f 10. J. 11. ^, 12. tV- 

18. f J. 14. i\. 16. ^Vj. 16. III. 17. 56J. 18. 5. 19. 19|. 

20. 75. 21. 1629i. 22. J. 28. IS^^^. 24. f. 26. 7HfJ. 

26. 2yVy. 88. .21084. . 89. .04592. 40. .2432. 41. .00064. 

42. .99004. 48. .326326. 44. .04. 46. .0387. 46. 3.3136. 
47. .022454. 48. .000152. 49. 8.26281. 

Page 26. — 1. 1458. 2. 4214. 8. 3010. 4. 1752. 6. 2405. 

6. 3780. 7. 3916. 8. 4214. 9. 3724. 10. 3835. 11. 6300. 

12. 1748. 18. 17,052. 14. 18,486. 16. 21,546. 16. 54,796. 

17. 1058. 18. 2470. 19. 2414. 20. 2268. 21. 2240. 22. 6192. 

28. 817. 24. 7872. 26. 2694. 26. 2714. 27. 3312. 28. 6162. 

29. 7128. 80. 15,561. 81. 26,353. 

Page 29. — 19. 212.4. 20. 216.2. 21. 3225J. 22. 6409. 

28. 924.45. 24. 821.175. 25. 3204.2. 26. 2441.5. 27. 234.2. 

28. 1836.6. 29. 79.3. 80. 922.8. 81. 539.84375. 82. 716.06. 

33. 664.46 34. 6686.26. 35. 1658.36 36. 549.46 

37. 2191.5. 88. 1682. 39. 16,099. 40. 4336.25. 41. 3542.5. 
42. 4602.5. 

Page 32. — 1. 252,195. 2. 61,614. 8. 223,377. 4. 503.7. 

6. 271.436. 6. 27,680. 7. 71,875. 8. 78.54. 9. 1024. 10. 313,600. 

Page 35.-4. .4198+. 6. 20.8863+. 6. 1.807. 7. .0505 + . 

8. .1175+. 9. .0184+. 10. 4.2229+. 11. 1.1819 + . 12. 4ft.,3|in. 
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18. 3 lb., 3 J oz. 14. 6° 37' 2t«/- 15- 5° 13' 34|^ 16. 4 bu., 1 pk., 7i qt 

17. 3 gal., 1 qt., f pt. 18. 1 yd., 2 ft., 75 in. 19. 22 min., 41^ sec. 

Page 36. — 1. 41^; llg rem. 2. 220^; 2 rem. 8. VJQ^; 33^ rem. 

4.5008; 1208 rem. 5. lOlg; 110 rem. 6. II23; 223 rem. 

7. 43i2; 48i2rem. 8. It^; 82i2 rem. 9. 41^; 421^ rem, 
10. 245o; 1306 rem. 11. 610,2; lle^j rem. 12. llOg; llg rem, 

13. .20335-. 14. .23425+. 16. .m^i, 16. .46318+. 17. .3333,+. 

18. .30134 + . 

Page 37. — 21. 1.068 + . 22. 3.2. 28. 213.333 + . 24. 24.4375. 

25. 38.52. 26. 14.722 + . 27. 3.0476+ . 28. .5979 + . 29. .3728-. 
30. 1.0959-. 81. 79.166+. 82. 93.333 + . 83. IJf. 84. l^^V 

85. 4. 86. If 87. IJf. 88. If 89. ^j^, 40. 2f. 41. IJf 

42. |. 48. U, 44. j^. 

Page 44. — 1. $40.19. 2. $390.25. 8. $403.93. 

Pages 45, 46. — 1. $13.44. 2. $500.78. 8. $8458.25. 4. $15,999.60. 
6. $7156.52. 6. $561.91. 7. $44.21. 8. $6368.13. 9. $956.87. 

10. $4043.28. 

Pages 48-51. — (Or aZ.) 1. $.80; $2.80; 25%; 12^%. 2. 33|%; 

$1.80; $.90. 8. 33;%; 28|%. 4. $22.50. 6. 16|%. 7. 14f%. 

8. 25%. 9. $45. 10. $40.50. {Written.) 2. $4839.75. 8. $1701.56. 
6. 614%. 6. $5662.50. 7. $68,000. 8. $5725; 8.72%. 9. 20%. 
10. 255%. 11. $48,720. 12. 20%. 18. 12f%. 14. 37i%. 
15. 11.34%; 6.87%. 16. $450.78. 17. $564. 18. 10.7%! 

19. $2.07; $76.96 increase. 20. 38 cents. 21. $5.63; 15.77%. 

Pages 52-54. — {Oral.) 1. $72. 2. 20%. 8. 10%,. 4. 33J%. 
5. 33J%. 6. $120. {Written.) 1. $292.50. 8. 20%. 4. $1650. 

5. $32.28. 6. $471.87. 7. 25%. 8. 22%. 9. $630. 
10. $407.43. 11. $7.80; 13}%. 12. $206.85; $10.34. 18. $93; $372. 

14. $323.33; $646.67. 15. $a56; $984. 16. $91.50; $1738.50. 
17. $49; $1911. 18. $173.50; $3296.50. 19. $283; $1415. 

20. 1032g%,; $854. 21. 16^%; $875. 22. 16|%; $210. 
28. 2^%; $916.50. 24. 5%; $31.50. 25 14?%; $18. 26. $945; 25%. 

Pages 54-56.— 1. $51.84. 2. $48.45. 8. $12.38. 4. $19.46. 

6. $62.05. 6. $459. 7. $229.16. 8. $424.69; 79.28%; $336.71. 

9. 47.21%. 10. 33.7%. 11. $37.80. 12. $510.72; $25.54. 18. 66.21%. 
14. $1.66; $4.16. 



4 ANSWERS {Vv. 56-74 

Pages 5S-eO. — 1. $46.61. 3. Yes; $8.80. 8. $10.63. 4. $31.86; 
$32.50. 6. $73.76; $76.26. 6. $61.02. 7. Incorrect. 8. $188.70; 

Pages 60-62. — (Ora{.) 1. 12} ct. 2. 31} ct. 8. 25 ct. gained on 
each. 4. 28 ct. 6. 26%. 6. 8%. 7. 10%. 8. 12%. 9. 60 ct. 
10. 66if %. 11. 33§%. 19. 66J%. 18. $700; 20%. (Drill exer- 
cises.) 1. $.70; $4.20; $3.78; $.28 gain. 2. $1.90; $9.50; $8.32; $.72 
gain. 8. $3.50; $14.00; $13.65; $3.15 gain. 4. $1.20; $4.80; $4.32 
$.72 gain. 5. $1.60; $11.20; $10.64; $1.04 gain. 6. $3.28; $19.68 
.^18.11; $1.71 gain. 7. $9.92; $34.72; $26.04; $1.24 gain. 8. $7.43 
§23.93; $19.94; $3.44 gain. 9. $8.60; $25.80; $22.57; $5.37 gain 
10. 20% gain, 11. 26% gain. 12. 16J% gain. 18. 25% gain 
14. 20% gain. 16. 5% gain. 16. 22}% gain. 17. 38% gain 
18. 4% gain. 19. 4% gain. 20. No loss or gain. 21. 5% gain 
22. 2i% loss. 28. 10|% gain. 24. 4J% gain. 26. 6J% gain 
26. 4% loss. 27. 20% gain. 

Pages 62, 63.— 1. $4600; $2700. 2. $60,000. 8. 10%. 4. $2.10; 



Page 63. — 1. $18; 3f ct. 2. $7.20; 1 ct.; 65 ct. 8. $250. 

Pages 64, 65.-1. $17.50; 3} ct. 2. $246.17. 8. $34.80. 4. $561.15. 
6. $40.55; 8.55%. 6. $327.20. 7. $123.40. 8. $415.88. 9. $2403,97; 
$379.97. 

Page 66. — 1. $3437.50; $125. 2. $1837.50; $75. 8. $168,176; $175. 
4. $5880; $280. 

Page 70.-2. $312.50; $5312.50. 8. $402.67; $6442.67. 4. $731.26; 

$8231.25. 6. $302.72; $9762.72. 6. $48.75; $1398.75. 7. $121.10; 

$3581.10. 8. $48.60; $4811.40. 9. $63.19; $6436.81. 10. $19.25; 

$1380.76. 11. $43.72; $3006.28. 12. $46.04; $5053.96. 18. $15.60; 
$1934.40. 

Pages 71, 72.-20. $18.82. 21. $16.80. 22. $7.48. 28. $13.86. 

24. $26.04. 25. $28.88. 28. $8.91. . 27. $13.44. 28. $8.59. 

29. $27.36. 30. $8.75. 81. $7.97. 32. $8.31. 88. $9.30. 34. $8.75. 

35. $11.45. 36. $451.50. 87. $121.00. 88. $836.23. 89. $664.88. 

40. $820.13. 41. $971.20. 42. $993.07. 43. $744.31. 44. $976.80. 

Pages 73, 74.-2. $4.35; $562.65. 8. $6462.61. 4. $808.88. 

6. 2»d, $7.50; 2^d, $3.75. 6. $533.07; $534.60; $537.39. 

7. $6.97; $766.83. 



Pp. 76-101] ANSWERS 5 

Pages 76. 77. — 1. #2.55. 2. $5.34. 3. $4.76. 4. $7.13. 

5. $8.84. 6. $40.23. 7. $77.47. 8. $109.20. 9. $161.97. 
10. $90.16. 11. $2.90. 12. $5.44. 13. $6.64. 14. $16.56. 

15. $17.71. 16. $19.69. 17. $19.23. 18. $6.53. 19. $7.58; $442.42. 
20. $26.56; $933.44. 21. $55.18; $4244.82. 22. $33.92; $1816.08. 
23. $41.17; $3758.83. 24. $52.42; $4197.58. 

Pages 77, 7a — 1. $864.27. 2. $1552.38. • 3. $1516.61. 

4. $1538.27. 

Page 80. — 2. $9989.08. 3. $6848.09. 4. $9913.33. t^ $23,395.64. 

6. $2182.45. 

Pages 83-^87. — {Oral) 1. $135.25; $1352.50. 2. $86.50; $43.25; 

1432.50. 8. $163.60; $1635; $1.25 for 10. 4. $16; $160. 6. 6%; $60. 
6. 8%; $200. 7. $200. 8. $500; $2000. 9. 50; $6000. 

10. 20; $1840. 11. 10%; 4%. 12. 8%. 13. $200; 199J. 14. 60. 

16. $120; $20; 16|%. 16. $10 per share; $47.50. 17. 74J. 
18. 81J. {Written,) 1. $4425; $2815; $1370. 2. 3.5% approx.; 6.2%. 
4. $1037.50. 6. $11,312.50. 18. $6265; $400; 6.38%. 19. $2664. 
20. $811.46; $2743.10. 21. 3.64%. 22. $1415.50. 

Pages 89-91.— (Orai.) 1. $975; $1000. 2. $9000. 3. $150. 4. $500. 
5,30. 6. $3 per $100 bond. 8. $6; 7^%. 9. The first. (Written,) 
1. 9.38%. 2. 7.22%. 8. 5.16%. 4. The first by 4.97% -4.17%. 

6. 4.95%; 6.42%. 6. $2437.50; $100; 4.06%; 4.39%; 4.61%. 

7. $45 ; $382.41 including brokerage of |% each. 

Pages92, 93.— 1. Yes. 2. Yes. 8. $302.87. 4. $202.67. 

6. $36.13. 6. Nearly $1560. 7. $59,060.45; $2400. 

(He could buy 60 $1000 bonds and have $260.45 left, not counting 
brokerage.) 8. $32,649.63; about $1600. 

Pages 94, 95. — 1. 11 yr., 3 mo. 2. $66.87. 8. 10 yr., 11 mo. 

4. 11 yr., 1 mo. 

Pages 98-101. — 1. $8.60. 2. $18.01; $135.08. 8. 17.5%; $263.40. 
4. $94.40. 6. 25%; 17.2%. 6. $7.76. 7. 1^, $798.96; 1* $470.63; 
1««, $29.40; 2nd, $663.59. 8. $3391.54 more in bank. 9. $10,727.86; 
$727.86. 10. $5147.95 more in insurance. 11. $26.17. 

12. $332.76. 13. $11,461.07. 14. $1192.03; $192.03; $9.60. 

15. $16.38; $248.60; $175.35. 16. $8967.12. 17. $6372.41 more in 

insurance; $2944.04 more in bank; $16,734.68 more in bank. 
18. About $92.70. 



6 ANSWERS [Pp. 108-125 

Pages 108^110. — 9. July 6; 60 da. 10. $344.75. 11. $343.88. 

14. 849.3.76. 16. S490. 16. $10.25 ; first. 18. $161.14. 

19. $147.50. 20. $114.17 ; $114.57. 21. $197.45. 22. $100.31 
28. 880.97 ; $.96 more. 

Page 113. — 1. 1329.3. 2. 791.3. 8. 197.8. 4. 59.5. 6. 1826.5. 

6. 84 3. 7. 1.523 5. 8. 125.9. 9. 137.2. 10. 6672.0. 11. 2.2. 
12. 126.1. ll 8.8. 14. 22.5. 15. 241.2. 16. 53.4. 17. 7.5. 
18. 4.3. 19. 81.5. 20. 49.1. 

Page 115. — 1. 3. 2.5. 8.9. 4.3. 6.4. 6.6. 7.7. 

8. 8. 9. 10. 10. 5. 11. 6. 12. 3. 18. 2. 14. 7. 15. 2. 

16. 10. 17. 15. 18. 8. 19. 35. 20. 6. 21. 4. 22. 30. 

28. 20. 24. 45. 25. 3. 26. 2. 27. .1. 28. 1.2. 29. .8. 
80. 2.5. 81. .2. 82. 1.2. 88. .9. 84. .1. 86 2. 

Page 116. — 1. J. 2. }. 8. |. 4. f. 6. t»^. 6. j. 7. jV. 
8. J 9. |. 10. J. 11. -I 12. }. 18. J. 14. i. 16. tV 

16. i. 17. |. 18. J. 19. If. 20. li. 

Page 120.-1. 28. 2. 43. 3. 63. 4. 39. 6. 73. 6. 82. 

7. 234. 8. 203. 9. 416. 10. 702. 11. 185. 12. 3.5. 18. 12.1. 
14. 3.59. 15. 11.2. 16. 2.15. 17. 51.1. 18. .162. 19. .236. 

20. .0418. 21. 1.732. 22. 2.236. 23. 3.464. 24. 2.646. 26. 1.414. 
26. .556. 27. 2.489. 28. .244. 29. 5.916. 30. 1.019. 31. .816. 
82. .935. 88. .408. 34. .845. 85. .522. 86. 866. 87. .559. 
88. .349. 89. .663. 40. .727. 41. .089. 42. .834. .43. .384. 
44. .554. 

Page 122.— 1. 47. 2. 14. 3. 25. 4. 68. 6. 83. 6. 698. 

7. 806. 8. 3.9. 9. 6.9. 10. 3.46. 11. 1.26. 12. 2.15. 13. 4.73. 
14. 1.54. 15. .53. 

Pages 123, 124. — 1. log^lQ=4, 2. loga 128=7. 8. log3 9=2. 

4. logs 125=3. 5. log, 64=3. 6. log^ 2401=4. 7. log,o 10000=5. 

8. Iogiol0=l. 9. log,, 15625=6. 10. log^ 216=3. 11. log2„ 400=2. 
12. log,2 1728=8. 13.2^=32. 14.32=9. 15.2^=16. 16.42=16. 

17. 33=27. 18. 4^=64. 19. 5-=25. 20. 10^=1000. 21. 10^=10, 
22. 63=216. 23. 12^=144. 24. 73=343. 25. 4. 26. 9. 27. 5. 
28. 4. ^9. 3. 30. 3. 81. 2. 82. 3. 38. 4. 34. 2. 85. 3. 86. 3. 
87. 4. 88. 6. 39. 12. 40. 3. 41. 2. 42. 3. 

Page 125. — 1. 2^^ 2. 4'\ 3. 6^^ 4. 2". 5. 6». 6. S'\ 7. a". 
8. a^K 9. a'\ 10. a^. 11. 4*. 12. 3^ 18. S*. 14. ^. 16. V. 



Pp. 125-140] 



ANSWERS 



16. W. 17. 6*. 18. a\ 19. a*. 20. aK 21. a\ 

23. 2»o. 24. 58. • 26. 7^*. 26. 4'^«. 27. a". 28. a». 29. a^^. 

31. a^\ 82. a« 33. 2*. 34. 5*. 35. 3». 

89. 32. 40. 4». 41. S\ 42. 10^ 43. 2«. 

47. a\ 48. a*. 



36. 43. 37. 9^ 
44. a^. 45. a«. 



22. 6". 
30. a^. 

38. 2». 

46. a*. 



Page 127. — 4. 1.2552. 6. 1.1761. 6. 1.3010. 7. 1.6990. 

8. 1.3801. 9. .3680. 10. .2219. 11. 1.8451. 12. 2.3222. 18. 3. 
14. .8289. 16. .6276. 16. .7385. 17. .7517. 18. .6078. 19. .2762. 

20. .8096 -.6555. 21. 2.2448-2.2980. 

Page 131.-1. 2.5145. 2.2.8831. 3.2.9661. 4.2.2625. 6.1.6304. 
6. .5955. 7.9.4564-10. 8. .9675. 9.1.7959. 10.9.9258-10. 
11. 1.2989. 12. .9825. 13. 9.7875-10. 14. 8.9390-10. 16. 7.5065- 
10. 16. 6.9609-10. 17. 2.9542. 18. 2.4150. 19. 2.6721. 20. 2.7782. 

21. .3010. 22. 1..5682. 23. 1.6902. 24. .8451. 26. 0. 26. 1.8325. 
27. 8.6532. 28. 4.5132. 29. 8.6321. 30. 3.9607. 31. 1.7983. 
32. 2.7216. 33. .4971. 34. 4.8150. 36. 1.4369. 36. .7261. 
37. 9.7984-10. 38. 7.8994-10. 39. 8.8048-10. 40. 3.6802. 



Page 132. — 1. 21.1. 2. 8480. 3. 83700. 4. .587. 
6. 854. 7. 4780000. 8. 2760. 9. 4.87. 10. 726. 

12. .0102. 13. 94.9. 14. .00686. 16. .0000551. 

17. 814.48. 18. 15.817. 19. 5483.7. 20. .5784. 

22. .02964. 23. 10352. 24. 2.975. 26. 44.67. 

27. 997.5. 28. .2848. 



Pages 133, 134. — 1. 15.8. 



6. .05488. 
10. 1.448. 
16. 79.68. 
20. .52975. 
26. $1128.20. 



6. 228.9. 
11. .28927. 
16. 31.835. 
21. 7.018. 



2. 649.85. 
7. .06248. 
12. 3.385. 
17. 445.3. 
22. 9.024. 



3. 10.281. 
8. 392686000. 
13. .09638. 

18. 7.88. 

23. .0216. 



26. $5012.22. 



27. .987 in. 



6. .00652. 

11. .555. 

16. 4.06. 

21. 84.84. 

26. .06587. 

4. 5427.5. 

9. 8.27. 

U. 13.02. 

19. 12.217. 

24. 10.84. 

28. D=4.37 in. 



Pages 139. 140. — 1. 1,000 mm.; 1,000,000 mm. 2. 100 cm.; 

100,000 cm. 3. 25,000 m. 4. .00008 mm. 6. 870 m. 

6. 12.2 m.; 200 m.; 4 m. 7. .245 cm.; 800 cm. 

8. 4.2625 ITm.; 42625 cm.; .42625 Km. 9. .000425 sq. m.; 425 sq. mm. 
10. 250000 sq. cm.; 42.86 sq. cm. 11. .036284 sq. m.; .001234 sq. m. 

12. 286 sq. Dm. ; 28600 sq. m. ; 2860000 sq. dm. ; 286000000 sq. cm. ; 
28600000000 sq. mm. 13. .000001 cu. m.; .000000001 cu. m. 

14. 1000 cu. m. ; 1,000,000 cu. m. 16. 26,814 cu. dm. ; 26,814,000 cu. cm. ; 



8 



ANSWERS 



[Pp. 189-15S 



26,814,000,000 cu. mm. 16. .005123 cu. Dm.; 6,123,000 cu. cm. 

17. 526.8a; 62680 ca; 62680 sq. m. 18. 12000 ou. dm.; .012 cu. Dm. 

19. 8.2022; 10.7283. 20. 15.6; .506. 21. 0.9842; 19.686. 

22. 9.321. 88. 11.811; 7.874; 8.937. 

Pages 143-147. — 1. 18J. 2. 7 strips; 6f yd.; 46|yd.; $58.33. 

8. 2200 sq. rd. ; 13i A. 4] 5.51. 6. $113.89. 6. 18024. 7. 1920. 
8. $30.21. 9. 1250. 10. 8800 yd. 11. $1.08. 12. 7.88bbl.,appror. 

18. 107876 sq. yd. 14. 229375 sq. ft. 16. $144.63. 17. $44.55. 
18. 15833. 19. $83.20. 20. 1002. 21. 4 hr., 12 min. 22. 3808 sq. in. 

23. $19.20. 24. 7^. 25. $0.1495 per sq. ft. 26. (1) 30 bunches, or 
1500 laths; (2) $9.00; (3) 24 bags wall plaster; (4) $7.80; (5) $22.58. 

Pages 149-151. — 1. 2.54 ft., approx. 2. 720.3. 8. 5.4978 sq. in. 
4. $61.09. 6. 2120.58 sq. in. 6. 57.65 ft. 7. 26133 mi. ; 1047 mi. 
per hr. 8. 4J in. by 12| in. 9. 48.854 ft. 10. 1 ft. IV. 785.4. 

12. (1) 199; (2) 265; (3) 145. 18. (1) 327; (2) 191. 14. .97 ft. 

15. 16J in. 16. 300 revolutions per min. 17. (1) 10179 lb.; (2) 26451b. 
18. 47.124 sq. in. 19. 31.416 ft. per mi. 20. 75.4 ft. per sec. 

21. 20.3. 22. 9 in. 23. Capacity of 6-in. pipe twice that of other two. 

24. 121. 25. 15.49 in. 26. 51, approx. 

Pages 152-155. — 1. 13 m. 2. 76.8 ft., approx. 8. 127.2 ft., approx. 
4. 63.7 ft., approx. 5. No. 6. 25.9 cm., approx.; 388.6 sq. cm. 

7. 207.4 ft. 8. 17.9 ft. 9. 207.6 yd. 10. 823.6 yd. 

11. 23493 sq. ft. 12. 125 lb. 18. 9 lb. 14. 5.83 ft. per sec; 

120 yd. down stream. 15. 49.3 ft., approx. 16. 10.6 cm., approx.; 

66.25 sq. cm. 17. 740.3 mi. per hr. 18. 1.172 ft. 19. .62 in. 

20. 2.828 in. square. 

Pages 155. 156. — (Oral) 1. 8. 2. 8. 8. 4i. 4. 3. 5. 9. 

6. 20. 7. 16. 8. 16. 9. 37f 10. 15. 11. 120. 12. 266. 
IS. 216. 



Pages 156, 157, Problems. — 1. 310 ft. ; $5.68. 
8. 1920 ft. 4. 664 ft. ; $16.60. 5. $370.60. 



2. $11.67. 
6. 2iin.; J. 



7. $61.44. 8. $122.03. 
Page 158. 



9. |. 10. $24.62. 



{Diameter in inches 12 1 13 14 15 


16 17 1 18 


19 1 20 1 24 


[Length in feet 10 12 14 | 16 


1 18 20 16 


1 18 24 1 24 1 


{Number of board feet 40 61 | 88 121 


162 211 196 


258 [384 |600 | 



pp. 160-177] ANSWEKS 9 

Pages 160-163. _ 1. 16 om. 2. 36 cu. ft. 3. 6 m. 4. 1234 bn. ; 

78440 lb. 5. 04 cm. 6. 240 cu. yd. ; $87.15. 7. $95.41. 

8. $84.38. 9.3. 10.33}. 11. 614f 12.243. 18. 1445 sq.ft.; 
94828J lb. 14. 350 lb. 16. 41.68 cu. in. 18. 4897.6 gal. 

17. 345e cu. m. 18. 5802 cu. yd. 19. 32. 20. 1944. 
21. 81500 cu. ft. 22. 238.9 tons. 23. 496. 24. 5| in. 
26. 4.72 in., approx. 28. 1.75 ft., approx. 27. 1629Jf cu. yd. 
28. 452^ lb. 

Pages 165-168. — 1. 75.3984 sq. in. ; 100.5312 sq. in. ; 75.8984 cu. in. 
2. 646.1 sq. cm. 3. 4.59 in., approx. 4. 201.062cu. in. 6. 23.56cu.yd. 

6. 5229 cu. yd., approx. 7. 3226.26 gal., approx, 8, 8205.62. 

9. 1570.8 sq. ft. 10. .038 in. 11. 34.46 min. 12. .214 of it. 

18. .214 of it. 14. 1.29 in. 15. 42.02 in. 18. 7883.6 gal. 

17. 66.5488 sq. ft. 18. 219.912 sq. in. 19. 65.568 cu. ft. 
20. 3.45 gal. 21. 4778.6 gal. 22. &618.228.gal. ; 299.73 ou. ft. 
28. .276 lb. 24. 72.08 lb. 26. 52.6 lb. 27. 54287 gal. 
28. 8.8 in. ; .6 in. 29. Large can holds 1} times as much as the other 
two. 80. 14.6 1b. 81. 11998 gal. 32. 104.781b. 

Pages 169, 170. — 1. 4. 2. f. 8. f 4. J. 6. 3. 6. 50. 

7. ^. 8. 35i 9. .15. 10. }. 11. 25. 12. J. 13. fj. 

14. 6. 16. 1=3.1416; 1=6.2832 16. 3. 17. ^2". 18. .7854. 

d r 

Pages 171-174. — 1. 706.3 lb.; 437.5 lb. 2. 843.8 lb.; 375 lb. 

8. 556.3 lb.; 156.3 lb.; 556.3 lb. 4. .7 lb.; .4 lb.; .8 lb. 

6. 1.51b.; 3.91b. 6. 2.5cu.ft. 7. 10.1 cu. ft. 8. 405 lb.; 33751b. 

9. 86.6 gal. 10. 6.61b.; 5.81b. 11.258.751b. 12. 204.8 tons. 

18, 2.87 gm.; 0.507 gm.; 0.272 gm.; 0.091 gm. 14. 32; 15.86; 6; 14.29. 
16. No. 16. 0.97. 17. 8. 18. 1.58 oz. 19. 272 gm. 
20. 979.2 gm. ; 13.8 lb. 21. .6 ft. 22. 7313 yd. 23. 4.875 lb. 
24. 226.64 lb. 26. 239.3 lb. ; 3 in. 26. 8.8 in. 27. 539 lb. 
28. 2.8 lb. 29. 70170 lb. 30. 25422 lb. 

Pages 176, 177.-1. 100°; 128 J°; 135<»; 1514^; 182 J^ 2. 83i*»F.; 

32.004^ F. 3. 332f; -39.439°; 1292; 2012°; 2552®. 4. 172.4*»; 95°; 
674.6°; 640.4°; 2732°; 320°. 6. 20.01074 ft. 6. 1.5004914 in. 

7. 1.2451325 in. 8. Because platinum and glass expand equally. 
Because copper and glass do not expand equally. 9. .111888 in. 

10. .12 ft. 11. .12432 in. 12. .0046 in. 13. 2.002484 in.; 
6.007452 in.; 12.00138 ft. 14. 9.99688 in. 15. .084 ft. 
16. 6*0l746ou. cm. ; 5.0261 cu. cm, ; 5.09048oa. cm. 17. 428.009 oa. in. 



10 ANSWERS [Pp. 178-197 

Page 178. —-1. 10; 26}; 1. 2. 31J cu. cm.; 12; 22^ cu. cm. 

8. IJ sec; 8§ sec; 170. 4. 4; 6. 6. (a) Yes; because 2 : 6=5 : 15. 
(&) No; because 20 : 4 is not equal to 5 : 2. 6. (a) Yes; because 

12: 8=36 : 24. (6) No; because 4 : 96 is not equal to 7 : 164. 

Pages 181-184. — 1. 160 lb. 2. 4.91 in. 8. 100 lb. 4. 16 lb. 

6. 125 lb. 6. 96 lb. 7. 82i lb. 8. 12 lb. 9. 1508 lb. 
10. 12000 lb. 11. 42 lb. 12. 71^^ lb. 18. 3780 lb. 14. 42J lb. 
16. 2000 lb. 16. By ff . 17. 6666J lb. 18. (1) 75 lb. ; (2) 90 lb 
19. 177yijlb. 20. 1085^ lb. 21. 1.5 tons. 22.801b. 28.12 1b. 
24. 2639 lb. 25. 14.9 lb. 26. 25133 lb. 27. 35186 lb. 
28. 14 in. 29. (1) 90478 lb., approx.; (2) 226195 lb., approx. 

Pages 185-189. --1. 15 ft., 18 ft. 2. 217 sq. yd., approx. 

8. 75.54+lb. ' 4. 524.2 + lb. 6. (1) 5000 ft., dist. fromO; 
(2) 120 ft., dist. from O. 6. 68 ft. 7. (1) 50 ft. ; (2) 108 ft. 

9. (1) 66ft.; (2) 58.4 ft., approx. 10. 52488 cu. in. 11. (1) 16i in.; 
(2) 22iin. 12. 3.72 in. 18. .9 in. 14. 2}J in. 16. 91J cu. cm. 
16. 6.73 in. 17. (1) 70 ft. ; (2) 106J ft. ; (3) 72 ft. 18. (1) 3.9 in. ; 

(2) 12.5 in.; (3) 4.6 in.; (4) 12.8 in. 19. 5} in. 

Pages 190, 191. — 1. (1) 64 ft. ; (2) 144 ft. ; (3) 256 ft. ; (4) 400 ft. 
2. (1)48 ft.; (2) 80 ft.; (3) 112 ft. 8. (1) 1600 ft.; (2) 304 ft.; 

(3) 57600 ft. 4. (1) 64 ft. per sec. ; (2) 96 ft. per sec ; 
(3) 320 ft. per sec. ; (4) 1920 ft. per sec. 6. 6 sec. 6. 3 sec 

7. 100 ft. 8. 144 ft. 9. (1) 144 ft. per sec; (2) 824 ft. 

10. 22 ft. 11. (1) 192 ft. per sec; (2) 576 ft. 

Pages 191, 192. — 1. J sec, approx. 2. 4.3-1- in. 8. 22 in. approx. 
4. 5.3+ sec 6. .11 in. 6. Less than .01 in. 7. .11 in. 

Pages 192, 193. — 1. 10^ cu. yd. 2. 9{ cu. in. 8. 1.361 gm. 

4. .6 qt. 6. 18 lb. 6. 150 lb. 

Pages 193, 194. — 1.4 candle power. 2. 10/^ candle power. 

8. 60 in. 4. 16 candle power. 6. 1.63+ candle power. 

6. 1200 candle power. 7. 52, approx. 

Pages 195-197. — 1. (1) i mm.; (2) 1 m. 2. 20 m. 8. 40 ohms. 

4. 1.5 mm. 6. 143.2 ohms. 6. (1) .5434 ohms; (2) 34.485 ohms. 

7. 382.8 ft. 8. 191.39 ft. 9. .3936 ohm. 10. .48 ohm. 

11. .912 ohm. 12. 51 in. 18. 300 volts. 14. 20 amperes. 
16. 60 volts. 16. .183+ amperes. 17. .3 ohm. 18. 1240 volts. 
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PART IV. 

Pages 205-2ia — 1. $450; $7500. 2. Wheat : 33i lb.'; 13^ lb. ; 8^ W). 
Potatoes : 22i lb. ; 7i lb. ; 30 lb. 8. 7623 lb. ; 3267 lb. ; 8712 lb. ; 261 + . 
4. $4.05. 5. $11 per acre. 6. 3240; 81 bu. 7. $22.25. 

8. 66 lb. peas to 175 lb. hay. 9. $2.81. 10. $1365.75; $43.90. 

11. Bal. $732.95. 12. $17,776. 18. 4 ft. 8 in. 14. Nearly 76 ft 

16. 23.27 cu. yd. 16. 1 ft. 9 in. ; 317J. 17. 4747.36 T. 

18. About 30 in. 19. 58tVgal. 20. 24,990 cu. ft. or nearly 926 cu. yd. 
21. $2.14. 22. $48.80. (This answer is upon the assumption that a fraction of 
a barrel or of a load cannot be bought. Then 20 bbl. of cement and 16 loads of gravel 
are required.) 28. $132.96. (This assumes that a fraction of a barrel cannot 

be bought.) 24. 5400 sq. in. 25. §; j^; t^; f 26. $111.60. 

27. $88.97. 28. $347.57. 29. $72. 30. 720. 81. $47.30. 

(This considers that plaster can be bought in 100-1b. bags.) 82. $145.15. 

88. 7 bbl. 84. Yes. 7.41% was moisture. 85. 13.04%. 
86. About 26 bd. ft. 87. 19 ft. 2.5 in. 88. Nearly 3150. 

89. 169.65 T; 678.69 T. 40. 169.65 T. 41. 900; 1560; 4032. 42. 2 : 3. 

48. About 7 sq. ft. 44. 38.5 T. 45. 2 ft. 2 in. 46. 21.7; 15.19; 
2.17; 69.44; 104.16. 47. $43.32 48. 1 ft. 7 in.; 1 ft. 1 in. 

49. 1224 bu.; 73440 lb. 60. 11+ gal. 61. 589.05 sq. ft. 
62. 18,095.62 lb. 68. 101,787.84 lb. 64. 28.06 lb. 66. 4 ft. 1 in. 

66. 62,668.8 lb. 67. 5 ft. 5.3 in. 68. No. 69. 27,417.6 lb. 
60. 6798 gal. 61. 10. 62. 569.55 lb. 68. About .527 of it. 
64. About 707 to 272. 66. 8225.28 gal. 66. Nearly 4 ft. 9 in. 

67. 1033.146 lb. 68. 4833J cu. yd. 69. 4687.51b. 70. 9,000,000 lb. 
71. 5132.16 lb. 72. 157.464 lb. 78. 38 + . 74. 3.386 ft. 
76. 19.6 in. 76. 1.995 oz.; 24.75 oz. 77. 600. 78. 18-inch. 
79. 7 lb.; 14 lb.; 154 lb. 80. i, 81. 12.5664 sq. in. 82. 25.39 lb. 
88. 4.55 in. 84. 3713.96 sq. ft. 86. 76 ; 196.3. 87. 108+ lb. 
88. 480. 89. 1.287 in. 90. .0029 in. 91. 2.08. 



The Essentials of Chemistry 

BY 

JOHN C. HESSLER, Ph.D. 

AND 

ALBERT L. SMITH, Ph.D. 

BevUed 1912 

Wiihovi Laboratory Manual^ $1.25 
With Laboratory Manual, 1.^5 



SOME FACTS REGARDING THIS CHEMISTRY 

1. It is recommended by the great state universities. 

2. It is recommended to the New England Science Association by a 
majority of the colleges as the best book for beginners. 

3. The new edition has been rewritten, reset, and nearly all cuts are 
new. 

4. It is the latest word in Chemistry. 



Elements of Physical Geography 

BY 
THOMAS CRAMER HOPKINS, Ph.D. 

Professor of Geology, Syracuse University 

'' Reads like a Story '' 

Over 300 Superb 
Illustrations 

Price, with Manual, $1.50: vrithovt Manual, $1.35 
Manvxd alone {good for any book), 50 cents 



BENJ. H. SANBORN & CO- 

BOSTON NEV YORK CHICAGO 



A Secondary Arithmetic 

COMMERCIAL AND INDUSTRIAL 
By stone akd MILLIS 

<^I trust that more and more our people will 
see to it that the schools train toward and not 
away from the farm and the workshop." 

— Theodore Roosevelt. 



Plane and Solid Geometry 

By the above Authors 
AN ABSOLUTELY UNIQUE BOOR 

" Formerly men asked, ' What does he know ? ' 
Now we ask, * What can he do ? ' " 

— President Faunce, Brown University. 
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POINTS OF suPERjonnr 

OF THE 

Stone-Millis Algebras 

FIRST COURSE 
SECOND COURSE 
COMPLETE 



^HE STONE-MILLIS ALGEBRAS have done for the 
teaching of secondary algebra what the Southworth-Stone 
Arithmetics have done for the teaching of arithmetic. They 
contain the best features claimed for the old books, and in addi- 
tion are planned to vitalize the subject along the lines suggested 
by the most progressive teachers of mathematics and science 
in the country. The authors have followed in a conservative 
way the signs of the times as revealed in the conferences of 
teachers of mathematics and science in the United States. 



BENJ. H. SANBORN & CO. 

BOSTON NEW YORK CHICAGO 



Composition— Rhetoric— Literature 

A SYSTEMATIC AND SCIENTIFIC FOUR-YEAR COURSE FOP 

SECONDARY SCHOOLS 

BY 
MARTHA HALE SHACKFORD, Ph.D. 

Auociate Professor of English Literature, fVellesley Collie 

AND 

MARGARET JUDSON, A.B. 

Recently Instructor of English, Vassar College 

pROM a pedagogical standpoint — is English in our Secondary Schools 

upon the same footing with Mathematics and the Languages ? Is 
there any reason why English should not be taught as systematically and 
scientifically ? 

Teachers have long been confronted with problems such as these : — 

Why should English, the most important course in our Secondary 
Schools to-day, be regarded by pupils as being of so slight importance, and 
undertaken by them with such a lack of interest ? 

How can the pupils be made to read the Literature required for Col- 
lege preparation with more interest ? 

What can be done to stimulate this interest ? 

There is but one way to overcome such difficulties. English as a 
course in the Secondary School must be taught as systematically and scien- 
tifically as any other subject. There must be a certain continuity from 
freshman to senior year. 

The authors of this book have evolved a system by which these prob- 
lems may be solved. They have aimed directly at this lack of interest. 
By the pedagogical system of this book. Composition and Rhetoric are 
shown to be a part of Literature. The pupil begins to realize that the 
latter is dependent upon the former. Rhetoric becomes no longer a 
course by itself — a necessary evil — but a part of a great whole. 

The book covers four years — enabling the pupil to follow one unbroken 
system throughout his course. In the first two years naturally the Composi- 
tion and Khetoric predominate, although the Literature is not neglected. 
Gradually there is a decrease in amount of the first and an increase of the sec- 
ond until during the last two years there is a predominance of Literature. 
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Daly's Advanced Rational Speller 

Teachers of the secondary schools should require their 
pupils to buy and use Daly's Advanced Rational Speller. 
It is not only better than a representative and carefully 
selected list of words, but is obviously more complete. It is 
not only the best but the only really good secondary speller. 

Hundreds op Schools are Using It 
Price, 25 cents 



From the Wellesley Magazine: 

An Advanced Rational Speller, by Ida M. Daly. Benj. H. San- 
bom & Co. 

" This book deals in a scientific way with one of the most difficult 
problems of the secondary schools. Miss Daly prepares a book which 
comprises, not the words the pupil may use and misspell^ but the words he 
has used and misspelled. The author has laid the teachers of the secondary 
schools under a debt of gratitude, since she has accomplished for them the 
laborious task of providing the apparatus for confronting students with 
their own mistakes." 

From Edwin A, Greenlaw ^ Late Department of Liberal Arts, Northwestern 
University fEvanston, III.: 

" I have very little respect for the ordinary text in spelling, but I made 
an exception in favor of this book. It is co|;istructed on the only rational 
principle, the words being supplied by the pupils themselves. I welcome 
the book as a most valuable aid in the solution of bad spelling." 

From the English Department of Cornell University ^ N. Y.: 

** I have asked certain of my poor spellers to buy and study it. My 
experience with Daly's Speller convinces me that it is the book I want. 
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